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RTHER OBSERVATIONS ON THE USE OF A HIGH 
FAT DIET IN THE TREATMENT OF 
DIABETES MELLITUS * 


H. NEWBURGH, M.D., ann PHIL L. MARSH, M.D 
ANN ARBOR, MICH 


INTRODUCTION 

During the early part of this century it was customary to use a very 
liberal protein fat diet in the treatment of diabetes mellitus. This 
type of diet was characterized by its high protein content, its relative 
poverty of carbohydrate and its high caloric value. Mild diabetics did 
quite well on such a regimen, but the more severely ill patients did not 
tolerate it without glycosuria and the persistence of diabetic symptoms, 
and, as pointed out by Joslin, coma was so common that the percentage 
of deaths in hospitals was greater than in homes. It was necessary to 


‘ 


conceive of a mysterious “spontaneous downward progress” to explain 
the constant loss of tolerance in these cases, and the majority of physi- 
cians felt that treatment of the severe cases was a waste of time and 
energy. This type of diet is not by any means without its supporters 
today, and it is surprising to note how many patients coming to the 
University Hospital have had their carbohydrate intake strictly limited, 
but have been allowed to eat as much other food as they wanted, chiefly 
in the form of meat, eggs and patent diabetic foods. 

In 1914, Allen introduced the principle of undernutrition with the 
object of relieving the strain on the pancreas, and of stopping the 
spontaneous progress of the disease. In more or less modified form 
this principle has since then been used widely in the treatment of dia- 
betes mellitus. Under the leadership of Joslin it has been applied in 
practice by beginning treatment with fasting, which may or may 
not be preceded by three or four days of observation and increasing 
urtailment of the diet. After the period of fasting, the diet is built 

step by step until the patient is receiving a ration well within his 
arbohydrate tolerance, in which neither fat nor protein nor carbo- 
hydrate furnishes a disproportion of the calories. It is especially 
insisted that the fat content of the diet be small. The final diet is one 
which may not and often does not satisfy the caloric requirement of the 


*From the Department of Internal Medicine, Medical School, University 
f Michigan. 














456 ARCHIVES OF INTERNAL MEDICINE 


organism. In the more severe cases a marked degree of undernutrition 
results, with weakness, depression and chronic invalidism, and inanition 
appears on the records as a cause of death. 

There is abundant evidence that overfeeding and large gains in 
weight are detrimental to the diabetic. On the other hand, a number of 
very apparent evils are associated with severe undernutrition. It 
seemed to us possible that a diet could be arranged, which, while stil! 
controlling the diabetic state, might avoid the evils of the two extremes. 
With the basic principles of the metabolism of the three foodstuffs in 
mind, it is possible, in theory, to construct such a diet by deriving the 
major portion of the calories from fat. Before advocating the use of 
such a diet, however, it was necessary to demonstrate that the use of the 
much feared fat is, in fact, safe. 

In a previous communication! we reported that in seventy-three 
consecutive cases this type of diet was strikingly successful in con- 
trolling glycosuria, avoiding acidosis, maintaining nitrogen balance and 
permitting ordinary activity on the part of the patient. In a second 
communication? we showed the beneficial effect of these diets on 
hyperglycemia. We emphasized the fact, however, that our experience 
with this diet was brief in relation to the chronicity of the disease, and 
we were, therefore, very guarded in our statements of the probable 
results of adherence to it over a long period of time. Nearly two 
years have elapsed since our first communication, and a statement of the 
present status of some of our earlier patients and of additional observa- 
tions on some of our more recent ones cannot fail to be instructive 
It is the purpose of this paper to present our experience with the high 
fat diet in the light of our longer study, and to discuss certain cases 
which offer striking examples of fundamental principles in the dieteti: 
management of diabetes mellitus. 

The diets used are essentially the same as those previously described ; 
more day to day variation in the composition of the diets is allowed than 
at first in order to relieve the monotony of the menus, but in principle 
the treatment is the same as that discussed in our first paper. When 
an adult diabetic patient is admitted to the ward, he is automatically 


and without preparation given a daily diet which contains protein, from 
15 to 20 gm., fat, from 85 to 95 gm., carbohydrate, from 10 to 12 gm 
Because of the smaller body mass of children, their total calories are 
correspondingly reduced, but the proportions of the food stuffs used are 


1. Newburgh, L. H., and Marsh, P. L.: Use of a High Fat Diet in the 
Treatment of Diabetes Mellitus: First Paper, Arch. Int. Med. 26:647 ( Nov.) 
1920. 

2. Newburgh, L. H., and Marsh, P. L.: Use of a High Fat Diet in the 
Treatment of Diabetes Mellitus: Second Paper: Blood Sugar, Arch. Int. Med 
27:699 (May) 1921. 
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e same. No preliminary fast or gradation of diets has been used, and 
he high fat diet is served from the first meal in the hospital. After 
he adult patient is desugarized, his diet is increased by steps until he 
s receiving 0.67 gm. protein and from 30 to 40 calories per kilogram 
f body weight, or sometimes a little more than this. In children more 
protein and more calories per kilogram of body weight are allowed, 
in accordance with principles that will be discussed later, but the same 
plan of distribution of the food stuffs is used for children as for adults. 
In no case in this series has the daily carbohydrate allowance been 
greater than 35 gm. After the patient has been found to tolerate a 
maintenance diet of this type during several days in the ward, he is 
discharged with instructions to adhere to it rigidly. 


RESULTS 

Six major considerations enter into a discussion of the dietetic 

treatment of diabetes mellitus, namely: (1) glycosuria; (2) acidosis; 

3) nitrogen balance; (4) lipemia; (5) the general condition of the 

patient, and (6) the effect of treatment on glucose tolerance and 
expectation of life. 

1. Glycosuria.*—Since the first aim of dietetic treatment of diabetes 

is the avoidance of glycosuria with the associated complications and 

loss of tolerance, the prime requisite of the diet is that it keep the urine 


of the diabetic patient free from sugar. We have had the opportunity 
since the inception of this treatment of observing 190 diabetics. Of 


these, six entered the hospital in coma or in extremis from other causes, 
and died either before treatment could be inaugurated or before it 
could significantly affect the metabolism (Table 12). Eight others 
remained but a few days, and left against our advice when they found 
that we had nothing to offer except diet in place of the curative drug 
or operation that they had expected (Table 13). None of the remaining 
176 diabetic patients failed to become sugar free, and all of these were 
discharged without glycosuria on a maintenance diet. While none of 
them were “total diabetics,” 

large number of them were young. In Table 1 are presented the 


many were of the very severe grades, and 


ages of onset of this group by decades. Appended is part of the record 
f one of the younger patients (Case 1). 


Case 1 (22-610).—History—A boy, 3 years of age (born Nov. 5, 1918) 
ntered the hospital March 6, 1922, with diabetes that had appeared abruptly 
June, 1921, with polyuria and polydipsia. His father’s brother has diabetes 
There was nothing of importance in his past history. The diagnosis of diabetes 
is made immediately, and he was taken into a hospital in his home city for 
treatment, which was instituted with a fast. Little information could be 


3. No cases diagnosed renal glycosuria are included in this study. 





















ve tee 


a 






































 oaiien 2 













pr Die Sees Ss 
































458 ARCHIVES OF INTERNAL MEDICINE 





obtained concerning this period of treatment, except that after a few days oi 
fasting his condition seemed very serious and his mother states that he was 
on the verge of coma. He was given food, but the mother does not know th« 
quantities. His diet was gradually increased until he was receiving protein, 
40 gm., fat, 33 gm., carbohydrate 25 gm. and 560 calories. On this diet he had 
constant glycosuria and a heavy ferric chlorid reaction in his urine. During 
the two months before admission he had not been sugar free at any time. At 
the beginning of his illness he weighed 32 pounds and at admission 28 pounds 
Physical Examination.—This showed nothing’ of importance. 
Comment.—Part of his record is presented in Table 2. It will be noted 
that his urine became sugar free on the eleventh day and the ferric chlorid 
reaction was negative at the same time. The gain in body weight during the 
first few days was probably due to changes in the fluid content of his body 
Nitrogen balance was established on a diet containing 30 gm. protein, 75 gm 
fat, and 12 gm. carbohydrate. At present, he is receiving 30 gm. protein, 
115 gm. fat, 17 gm. carbohydrate and 1,225 calories, which allows him 93 calories 
per kilogram of body weight. He is slowly gaining in weight and has added 
one-fourth inch to his height. 


TABLE 1.—Ace at Onset sy Decapes or AutHors’ Group. For Comparison 
A SrMicar Taste or A Group oF Jostin’s Patients Is Appep 











Authors’ Series 
~— Josiin'’s,* 





Age at Onset Number Per Cent. Per Cent. 
Sr cocdecccescons Sth bilinguedaaaeinereneseneedea 6 3.2 5.3 
oy ae pnweesdesis ecdevessaeewabeest 4 74 asl 
DE chipsihtonwheassweinicneets hotter ehgesebenaeen ea} 12.6/ 40.6 10.8{ 38.6 
SLR nue piled ixneteludictvcsusnes ceuebhi aes 33 17.4} 13.8} 
Pi idhikdssnewlh eae etiedterenendeteset teenet 6beekes 37 19.5 24.7 
PP athieetcnsudigbdwenciane>bstdsemachosetouenesny id 29.5 23.0 
SP ddecendnereswbesenededse sues seeeseesevesnarenes 17 8.9 10.1 
ab atabavanesenddtessunchnevedeccudneweenedbnses 3 16 3.0 





In some cases we have had the opportunity of contrasting in the 
same patient the results of our diets with the results of other methods 
of treatment. A number of the patients in this series who had been 
treated unsuccessfully by high protein diets before coming to us became 
aglycosuric on our diets. That this would occur is only to be expected, 
but it must be mentioned because of the widespread use of these high 
protein diets. 

Of still greater interest is the group in which fasting and severe 
undernutrition have failed to control the glycosuria. The records of 
two patients (Cases 2 and 3) show clearly that some diabetics who 
could not be made sugar free by starvation may be made so by a high 
fat diet yielding about 950 calories. 

Case 2 (21-321)—History—An American farmer, 28 years of age, entered 
the hospital March 1, 1921, complaining of the usual diabetic symptoms. There 
was no family history of diabetes, except that a 4-year old son of the patient 


has had an occasional glycosuria. There was nothing of importance in his past 
history. Polyuria, polydipsia and polyphagia developed in August, 1914, when 






4. Joslin, E. P.: Diabetes Mellitus, Oxford Medicine, Oxford Universit) 
Press 4:153, 1921. 
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e patient was 21 years old. During the following three months his weight 
ll from 160 to 113 pounds. Treatment was not started until January, 1915 
uur days of complete fasting, followed by several days during which he was 
llowed green vegetables, and two or three more days of fasting, a total of 
days, rendered his urine sugar free. He was discharged on a diet which 
illowed him considerable freedom in the kinds of the food stuffs that he ate 
ut which was very much restricted in total calories. During the following 
two years he felt fairly well most of the time, although he had sugar in his 
ne frequently. Between the Spring of 1916 and March, 1921, he was free 
rom sugar at no time in spite of the fact that he was fasted on five occasions 
for periods of from four to ten days. During the month preceding his 
uimission to our ward he suffered from epigastric distress, “heart burn” and 
nausea. His symptoms were sufficiently severe to make his home physician 
suspect peptic ulcer. His vision had failed and he was badly constipated 


TABLE 2.—Part or Recorp or A THree YEAR Op Diasetic (Case 1) 


Diet Urine 

— - _ we o — = ~<A 
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* Bloor fat, 1.13 per cent. 
+ Bloor fat, 0.89 per cent. 
: 98 calories per kilogram of body weight. 


Physical Examination—On examination it was noted that he was decidedly 
stuporous and went to sleep while his blood was being taken for the laboratory 
examinations. Later, he could not remember anything that had happened 
luring the first day he was in the hospital. His breath had a decided acetone 
dor. His right knee jerk could be obtained only on reenforcement and his left 

uld not be obtained at all. His urine contained a trace of albumin, reduced 
Fehling’s solution and gave a heavy reaction with ferric chlorid. His blood 
ugar was 0.38 per cent. and the carbon dioxid combining power of the blood 
plasma by the Van Slyke method was 37 volume per cent 

Comment.—The day to day record of his first two or three weeks, with 
1 summary of the following few weeks in the hospital is presented in Table 3. 
It will be seen that his urine became sugar free on the twelfth day in the 

spital. 
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Case 3 (21-1993).—History—A Russian housewife, 25 years of age, entered 
the hospital July 13, 1921, complaining of the usual diabetic symptoms. There 
was no family history of diabetes and her past history was of no importance 
In March, 1920, she had severe attacks of cramps in the legs associated with 
excessive thirst and polyuria. Other symptoms were failing vision, obstinate 
constipation and progressive loss of weight. She had no systematic treatment 
until August 13, 1920, at which time she was fasted for five days and her urine 
became sugar free. Her diet was increased until she was receiving, protein, 
50 gm.; fat, 20 gm.; carbohydrate, 30 gm.; about 500 calories with one fast day 
each week. From this time until July 1, 1921, she adhered rigidly to this diet, 
which was prepared by a trained dietitian, with the exception of a short period 
in January, 1921, when she was allowed one or two slices of bacon a day in 
addition. At no time during this whole period, except on the last day of her 
initial fast, was her urine free from sugar; this statement was confirmed by 


TABLE 3.—Parr or Recorp or Patient (Case 2) Wuo Hap FaAltLep to 


Blood 
Glu- COs, 

Fat, hydrate, Calo- cose, Dia- Sugar, Vol., Weight, 
Gm. Gm ries D. Gm. cetic %o % Lbs 
95.4 14.2 may ‘ : +444 06.38 37 133 
69.0 13.4 S85 2,15 56.6 ++e+ 2... oe ° 
“4 14.8 995 ’ 25. ++ eee ee 132 
88.9 13.4 $ 2,17 . ++ eee ‘ae 
89.0 13.4 75 +4+4+ 0.27 

89.0 13.4 5 2,350 20.: +++ . 

92.4 14.6 2,356 E +++ 

9.4 M42 J ++ 

9.5 11.0 y 5 a +++ 

101.0 10.5 015 y 5.6 +++ 

100.1 11.0 008 2,335 +++ ees 

100.0 11.3 £005 6 ++ 0.13 

100.0 11.0 £005 ’ o +++ eve 

100.0 11.0 3,15 _ 

100.1 11.1 005 2,2 ++ 0.13 

149.6 15.2 506 565 + ocee 
151.1 15.3 525 37 Trace 

150.7 14.2 f 27 


149.7 14.6 5 0 
15.2 508 2,3 0 
3/2 15.0 85 oceee 0 
3/31to4a4 15.0 2.08 sages 0 
45to4 2,4 eee LU 





her home physician. July 1, 1921, fasting was again started, and this time four 
days of complete fasting, followed by five days in which she was allowed “a 
few” 5 per cent. vegetables, failed to render her urine sugar free, and she 
refused to fast longer. During the few days before she came to us she 
adhered to the original 500 calory diet. 

In February, 1920, she weighed 145 pounds. 

Physical Examination—The patient was an unusually intelligent woman, 
59 inches tall, weighing 100 pounds, with no important abnormalities aside from 
her laboratory examinations. Part of her record is presented in Table 4. 

Comment.—She was discharged from the hospital on a diet which gave her 
about 1,400 calories daily, and she has remained sugar free up to the present 
time, a period of nearly one year. 


2. Acidosis—A diabetic diet, to be successful, must not precipitate 
acidosis, and should, in those cases in which acidosis is present, be 
attended by relief of the acidosis. Since the demonstration of the 
derivation of acetone bodies from fat, there has developed a wide-spread 
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fear of the use of fat in the treatment of diabetes. It was, therefore, 
ery important that we study with the greatest care the relation between 
e amount of fat in our diet and acidosis. 

Of the 190 patients with diabetes whom we have had under our 
ire since we have used the high fat diets, six gave us no information 
is to its effect on acidosis. Four of the latter entered the hospital in 
liabetic coma, the fifth in coma from sepsis, the sixth in extremis 
following a therapeutic fast, and none of them were treated dietetically. 
(he other 184 patients include eight who left the hospital against our 
vice within a week and before they were sugar free, but who were, 
nevertheless, on the diet during the few days they were in the hospital. 
In none of these 184 cases did an important acidosis develop. It should 


TABLE 4.—Recorp From Case 3, IN WuicH FASTING AND SEVERE UNDER- 
NUTRITION Hap Faitep to Keep Urine SuGar FRes 


Average Diet 
— -—-—— tO ——- Urine Ferric Body 
Protein, Fat, Carbohydrate, Sugar, Chlorid We ght, 
Date, 1921 Gm. Gm Gm. Calories Gm Reaction Lbs 
25.5 +++4 100 
16.3 ++4 , 
8.8 
4.0 + 
0 v9 
0 oce 
o 


0 
v0 
0 
0 
0 
0 
0 


0 


be pointed out, again, that every one of these patients, regardless of 
age, severity of the diabetes or degree of acidosis was placed on the 
diet at entrance. Early in the use of the treatment a few patients were 
given sodium bicarbonate, but this has not been used in any case since 
July 1, 1920, since which date much more than one half of this series 

f cases have been treated. A few examples are cited showing the 
absence of acidosis on the treatment. 


Case 4 (21-678).—History—An American clerk, 19 years of age, entered 
he hospital March 24, 1921, complaining of the usual diabetic symptoms. There 
vas no history of diabetes in the family and nothing of importance in his past 
istory. The disease had developed abruptly fifteen months before, and during 
the first three months he lost 30 pounds in weight. In spite of severe 
restriction in his diet there was no improvement in his symptoms. Twelve 
lays before he came to us he was fasted for seven days but he did not know 
whether he became sugar free. There had been some numbness of his feet 
ind for two months he had had boils on his legs. 

Physical Examination.—Edivence of advanced bilateral pulmonary tubercu- 
losis was found and this complication was confirmed by the roentgenogram and 
the sputum examination. Part of his data are presented in Table 5 
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Case 5 (21-276).—History—An American farmer, 22 years of age, entered 
the hospital Feb. 7, 1921, complaining of polyuria, weakness and loss of weight 
A brother died of diabetes at 17. The past history is of no importance. His 
best weight was 164 pounds just before the onset of his diabetes: his 
weight at admission was 127. His symptoms appeared abruptly in August, 
1920, and the diagnosis was made immediately by his physician. His diet was 
moderately restricted and he continued to lose weight and strength. 


TABLE 5.—Part or Recorp or Case 4, SHowinc ABSENCE OF ACIDOSIS IN A 
Younc Dtasetic with PULMONARY TUBERCULOSIS 





Plasma CO:z, Blood 

Protein, Carbohydrate, Ferrie Volume Sugar, 
Gm. ‘ Gm. Calories Sugar Chlorid per Cent. per Cent 
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* Admitted in evening. 


TABLE 6.—Snowinec Aspsence or Aciposts 1s Younc Drapetic 
on Hicu Fat Diet (Case 5) 








Diet Urine 
oon -- — Blood Plasma 
Carbohydrate, Glucose, Ferric Sugar, COs, 
Gm. Calories Gm. Chiorid per Cent. per Cent 
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Physical Examination.—Except for septic tonsils, his physical examination 
was negative. Part of his record is presented in Table 6. 

Case 6 (21-1021).—History—An American farmer, aged 45 years, entered 
the hospital March 19, 1921, complaining of polyuria and weakness. His 
mother died at the age of 51 of diabetes mellitus. He had had frequent 
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urinalyses because of his mother’s diabetes, but no sugar was found until 
December, 1920, about two weeks after the onset of polyuria and weakness. A 
‘carbohydrate free” diet failed to render his urine sugar free, his physician 
stating that the urine always contained from 3 to 6 per cent. of sugar 

Physical Examination —Except for pyorrhea alveolaris, his physical examina 
tion was negative. His average weight was 155 pounds; at admission he 
weighed 130 pounds. Part of his record is presented in Table 7 


Not only does acidosis not develop in patients who are living on 
this diet, but it is a fact that all our patients showing at admission an 
acidosis short of coma rather promptly lost their acidosis while taking 
the high fat diet. One such case has already been mentioned in our 
first communication. Three other striking examples are cited from our 
more recent experience. 


TABLE 7.—SuHowinc Assence or Actposis oN Hich Fat Diet (Case 6) 








Average Diet Urine Plasma 
— ——_— _ _ —_—— COse, 
Protein, Fat, Carbohydrate ia- Volume 
Date, 1921 Gm. Gm Gm Calories Sugar per Cent. 
&5 15 900 ++ +++ 64.5 


Reference to the record of one patient (Case 2) and to Table 3 
will show that he entered the hospital with a severe acidosis, which 
disappeared promptly on a high fat diet. 


Case 7 (22-2159).—History—An American painter, 34 years of age, entered 
the hospital July 6, 1922, with a diabetes which had appeared abruptly in 
December, 1920, with polydipsia, polyuria and progressively increasing weakness. 
Three days of fasting rendered his urine sugar free and he was finally able 
to tolerate a fairly liberal diet. About eight weeks previous to admission he 
had a lower third molar extracted; infection ensued. There was an immedi- 
ate return of glycosuria which he was unable to control. For the two weeks 
before he came to the hospital his diet had not been limited and he had become 
progressively more drowsy until at admission he was semicomatose. His 
weight had fallen from an average of 140 pounds to 9) pounds; his entrance 
weight was 103 pounds. 

Physical Examination —He was very stuporous and there was hyperpnea of 
the Kussmaul type. The patellar and Achilles reflexes could not be elicited. 
His skin had a lemon yellow cast, and numerous xanthomatous lesions were 








464 ARCHIVES OF INTERNAL MEDICINE 


scattered over his body. At the site of the tooth extraction in the lower right 
jaw there was evidence of osteomyelitis. His hemoglobin was 66 per cent. 
with 3,210,000 red blood cells and without leukocytosis. His blood plasma 
was creamy. 

Comment.— The osteomyelitic lesion in the jaw was curetted and he was 
started on the routine diet. Fluids were forced during the first few days in 
the ward. In Table 8 will be found data of this period of treatment. There 
was a rapid improvement in the acidosis, as shown by the disappearance of 
acidosis, as well as by the laboratory findings. A moderate edema, present at 
entrance, increased rapidly and explains the great gain in weight. 

Case 8 (21-1392)—History—An American merchant, 35 years of age, 
entered the hospital May 18, 1921, complaining of loss of weight, weakness, 
polyuria and polydipsia. His symptoms developed abruptly in January, 1918, 
when he was 32 years of age. Glycosuria was found, and he became sugar 
free on a rather liberal diet. After a few weeks he was advised to return 
to a normal diet; symptoms and glycosuria promptly reappeared. He again 
became sugar free on the liberal diet and adhered to it about a year. During 


TABLE &—Part or Recorp or Case 7. Rapin DISAPPEARANCE OF SEVERE 
Aciposis oN Hicn Fat Drier 





Urine 
Glhu- 

hydrate, Calo- cose, Dia- per . 
Gm. ries Gm. , Cent. Cent. 
12.6 900 50.3 ++ 0.53 34 
13.3 910 6.2 +++-+ eons 3S 
13.2 we5 29.4 ° - 
14.1 985 414 ++ cous ot 
13.5 oD 17.5 . - 
13.0 980 11.1 
13.0 975 11.4 
12.6 a Trace 
13.2 910 40 
13.3 m0 0 
14.1 900 0 





the following year he increased his food intake and frequently found sugar in 
his urine. During this second year of his diabetes he had frequent night sweats, 
with one attack of pain in the lower left chest lasting some weeks. In 
February, 1920, he had influenza, and during the next few months his weakness 
progressively increased. In the fall of that year he spent four weeks in a 
sanatorium, and was discharged on a diet that was liberal, including a large 
quantity of gluten bread. From that time he gradually went down hill, and 
since February, 1921, he had not been able to work. During the course of the 
diabetes his weight had fallen from 120 to 85 pounds. 

Physical Examination —Abnormalities in both pulmonary apices were dis- 
covered but no sputum could be obtained. 

Comment.—He was discharged from the hospital June 30, 1921, on a diet 
which gave him about 30 gm. protein, 160 gm. fat and 20 gm. carbohydrate. 
He did very well, working every day and remaining sugar free until Septem- 
ber, 1921, when he developed glycosuria during an extended trip away from 
home. He returned to the hospital, was sugar free in fourteen days and was 
discharged on the same diet as previously. He has been able to do his work 
regularly since that time and is feeling well. Part of his record is presented 
in Table 9. 


It should be noted that five of our 190 patients died in the hospital 
in coma. Four of these entered the hospital in coma and died without 
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dietetic treatment. In one of these cases, the coma was not accompanied 
y the usual signs of diabetic coma and at necropsy adenoma of the 
pituitary gland was found. The fifth patient, whose diabetes had been 
brought under control and who was not showing an acidosis, broke diet 
and developed a severe acidosis and from this time went progressively 
down hill, dying in coma. None of these deaths can be attributed to 
the effect of the diet. 

3. Nitrogen Balance —A diet to be satisfactory in the treatment of 
a chronic disease must be constructed so that it will maintain nitrogen 
balance. In a previous communication’ it was shown that in the 
diabetic, as in a normal person, 0.66 gm. protein per kilogram of body 
weight is sufficient for this purpose, provided the total caloric intake 
is great enough to supply the metabolic needs of the organism. By 


TABLE 9.—SHowIincG Revier or Moperate Actposis By Hicu Far Drier (Case 8) 


CO Combin- 
a " : - —— — - — ing Power 
Protein, Fat, Carbohydrate, Glucose, Ferric Blood Plasma, 
Gm Gm Gm Calories Gm. Chiorid Vol. per Cent 
18.9 8.8 3.1 0 : : ‘ 44.7 
21.7 O44 ca 20.0 r 
20.4 83.3 875 18.4 
19.0 4 wep 
20.9 110.4 5 1,125 
20.8 89.9 3 WS 
19.4 92.3 2 O65 
21.2 85.9 : 
21.9 v4.4 WO 
20.8 89.9 3 O45 
20.9 85.2 
19.1 95.4 
15.2 88.2 
-3.0 155.8 


29.7 147.1 





using relatively large quantities of fat, we have been able to satisfy 
the total caloric requirement of the patient without producing glycosuria 
and to maintain nitrogen balance on the small quantities of protein that 
we have allowed. The table published in the communication referred to 
is here reproduced (Table 10). 

4. Lipemia.—A frequent accompaniment of the diabetic state is an 
increase in the amount of lipoid substances in the blood. While the 
true significance of this phenomenon is not known, it is at all events 
a departure from the normal, and its increase or its persistence during 
treatment is considered undesirable. It has been shown in another 
communication * from this clinic that (1) hyperlipoidemia is not pro- 
duced by the high fat diet in those patients in whom it is not present 


5. Marsh. P. L.: Newburgh, L. H., and Holly, L. E.: The Nitrogen 
Requirement for Maintenance in Diabetes Mellitus, Arch. Int. Med. 29:97 
(Jan.) 1922. 

6. Marsh. P. L.. and Waller, H. G.: Arch. Int. Med., to be published 
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at entrance, and (2) an existing hyperlipoidemia, even of high degree, 
gradually falls until it has approximated or reached the normal level 
It is, therefore, apparent that a high fat diet does not cause a 
hyperlipoidemia. 

5. General Condition of the Patient—Weakness and incapacitation 
are unavoidable evils resulting from fasting and undernutrition, and 
the diabetic is not exempt from these ill effects. It was with the hope 
of avoiding these disadvantages that we undertook an investigation of 
the use of fat for the purpose of supplying energy to the patient. The 
desugarization period and the long period of after treatment will be 


considered separately. 

The initial period of fasting is very poorly borne by many of the 
more debilitated diabetics. When the fasting is continued for a week 
or more, the resulting exhaustion may be extreme. For example, 


TABLE 10.—Diets on Wuicu Nirrocen BaLtance Was EsTABLISHED IN 
Twetve Patients with Draretes MELLITUS 
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Olmsted,’ speaking of his experience with the use of fasting in the 
treatment of diabetes, says: “It was soon found that rather severe 
acidosis followed the period of complete starvation even in relatively 
mild cases. So impressed were we with the depression and weakness 
of patients during and following acidosis that some modification of the 
starvation routine was thought worth trying out.” Some of our patients 
who had previously been subjected to fasting and were later made 
sugar free by our diet, volunteered the information that the earlier 
fasting method had left them in a state of exhaustion and extreme 
weakness and that they were astonished at their strength after they had 
become sugar free at our hands. The patient who was cited as Case 1, 
for example, said that after his previous fasting he had no desire to 
leave his bed; in contrast to this, on his thirteenth day in the hospital, 
when he became sugar free, he felt fresh after a two mile walk. 


7. Olmsted, W. H.: M. Clinics N. America 4:865 (Nov.) 1920. 





VEW BURGH-MARSH—DIABETES MELLITUS . 467 


Not only is fasting exhausting and unpleasant to the patient, but it 
iy occasionally end in death. The dangers of complete fasting were 
nted out in the Rockefeller Monograph* on the treatment of 
iabetes ; Case 30 in that series is cited by the authors as “a typical 


cample of acidosis with a fatal result on fasting,” and “patient 35 


eveloped malaise, nausea and drowsiness on fasting and the observers 
ere convinced that unless fed he would have died in the typical 
ntoxication.”” Joslin® has reported two patients who died with hypo- 
‘lvcemia as a result of fasting and Wilder *® has observed that obese 
abetics are especially susceptible to severe acidosis from fasting. We 
ve had referred to us a patient who had been fasted for two weeks 
thout becoming sugar free, and who had developed extreme weakness, 
nausea and vomiting; after four days in the hospital, during which she 
uld retain no food, she died quietly without hyperpnea. She retained 
nsciousness up to a minute or two before death. In this elderly 


TABLE 11.—Erect or Hicu Fat Drer on LiporpeMia 


First Last Interval, 
Case No. Percentage Percentage Days Remarks 
8.1 2.09 6 Case 4, this series 
3.31 1.01 2) Case 1, this series 
2.63 1.00 395 Case 3, this series; complicated by chronic 
pulmonary tuberculosis 
1.54 d Case 5, this series 
1.10 § Case 6, this series 
0.905 
0.966 
1.009 
1 15 
0.948 Previously on diet for four months 
0.983 
0.890 


3s 


"802 
961 
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tient whose symptoms had not been sufficiently severe during the three 
ears that she had had diabetes to cause her to be treated, fasting 
nded in disaster. A summary of her record is appended (Case 9). 
More recently we have had the opportunity of observing a young 
iabetic in whom a fatal acidosis was precipitated by fasting; a 
immary of his record will be found as Case 10. The fact that fasting 

always unpleasant, often dangerous and sometimes fatal, justifies 
ne in rejecting it in favor of a procedure which avoids these difficulties 

| at the same time makes the patient sugar free. 


Case 9 (20-709) —History—An American housewife, aged 62 years, entered 
hospital early in the evening of Nov. 9, 1920, in a state of extreme 
haustion. Little information could be obtained relative to her history. It 
8. Allen, F. M.; Stillman, E., and Fitz, R.: Total Dietary Regulation in 
Treatment of Diabetes, Monograph, Rockefeller Institute M. Research, 
11, 1919. 
9. Joslin, E. P.: M. Clinics N. America 4:1723 (May) 1921. 
10. Wilder, R. M.: M. Clinics N. America 5:455 (Sept.) 1921. 
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was known, however, that she had had diabetes for three years, but that 
it had never disturbed her enough to cause her to commence systematic treat- 
ment. She was persuaded to begin treatment October 15; she was fasted 
for two days, then given green vegetables for three days, fasted three day: 
more and finally given thrice cooked vegetables until November 5. During 
the last three days of this diet she became progressively more hauseated and 
vomited frequently. From November 5 until she entered the hospital she at 
little and apparently retained nothing. 

Examination—At admission she was stuporous, but not unconscious, her 
speech was thick and she seemed loathe to exert herself sufficiently to talk. 
There was no hyperpnea, but her breath had an acetone odor. The knee jerks 
were diminished. Her urine contained albumin, sugar, diacetic acid and hyalirg 
and granular casts. Her blood pressure was 165/70, the carbon dioxid tension 
of the alveolar air was 30 and blood sugar 0.33 per cent. 

Comment.—During the time she was in the hospital, she retained no food 
and little of the water that was given her by mouth. Every few minutes, day 
and night, she vomited. Her temperature was always subnormal. On the 
night of November 12, she died quietly while the nurse was out of the room 
for two or three minutes. 

Case 10 (21-3305).—History—An American farmer, 26 years of age, entered 
the hospital Nov. 11, 1921, in deep coma. Little history could be obtained 
but it was stated that diabetic symptoms were first noted less than five weeks 
before. Polyuria and polydipsia had been present only two weeks. Treatment 
was started two days before admission with the limitation of his diet to 2 
quarts of milk on the first day and then complete starvation. On the morning 
of the second day of starvation he became stuporous and gradually passed into 
coma, coming to the hospital that evening. 

Examination—He was in deep coma with characteristic hyperpnea. His 
blood sugar was 1.07 per cent. and the carbon dioxid combining power ot 
the blood plasma by the Van Slyke method was 18 volumes per cent. He died 
about five hours after admission to the hospital. Nothing important was 
found at necropsy. 


We turn now to a consideration of the ability of patients to lead 
fairly active lives while they adhere to the maintenance diets pre- 
scribed for them when they leave the hospital. This diet is so con- 
structed as to avoid the evils of undernutrition. The physiologic effects 
of undernutrition have been observed on a large scale during the recent 
war, and a review of these studies has been published by Graham 
Lusk.** These changes in metabolism result in a great mental and 
physical depression. The undernourished subject not only has not 
sufficient fuel for normal amounts of work, but lacks the desire to 
attempt work, mental or physical. Prolonged undernutrition results in 
chronic invalidism. The patient, if not actually confined to his bed or 
to a chair, is able to do little more than to get about the house unassisted. 
The woman who was mentioned above as Case 2 was bed-ridden on 
a diet allowing her 500 calories a day before she came to us. The 
condition of such a diabetic is pitiful; even the most moderate activity 
is denied him and he becomes a burden to his family and to himself 

11. Lusk, G.: Physiological Effect of Undernutrition, Physiol. Rev. 1:5 
1921. 
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ind an economic loss to society. In contrast to this, our patients have 
returned to their original occupations, and have a bright, hopefui outlook 
n life. A few examples are cited. 


Case 11 (20-19).—History.—A railroad fireman, 22 years of age, entered 
he clinic Jan. 16, 1920, complaining of excessive thirst and polyuria. There 
was no history of diabetes in the family, and his past history was of no 
mportance. The onset of the disease occurred abruptly during the early 
part of December, 1919, with polyuria, and increased thirst and appetite. By the 
first of January he was urinating every hour, and he went to a physician, who 
diagnosed diabetes. Between January 1 and his admission to the hospital his 
liet consisted entirely of milk. During the month that he had had diabetes 
his weight had fallen from 130 to 125 pounds. 

Examination.—-Nothing of interest was noted on physical examination. His 
urine was sugar free on the fourteenth day of a diet containing 16 gm. pro- 
tein, 199 gm. fat, 10 gm. carbohydrate and 1,000 calories 

Comment.—January 21, he developed influenza, which was then epidemic; 
his diet was unchanged and he made an uneventful recovery. Feb. 20, 1920, 
was discharged from the hospital on a diet containing protein, 25 gm.; fat, 
5 gm.; carbohydrate, 15 gm.; 1,800 calories. This was gradually increased 
to contain protein, 55 gm.; fat, 220 gm.; carbohydrate, 35 gm.; calories, 2,400 
Except for the first few weeks after discharge from the hospital he has been 
working hard and steadily, first in a machine shop and then on his father’s 
farm. On a few occasions he has fired a locomotive and states that he noticed 
no unusual fatigue. At present, two and a half years after admission, he is 
working on the farm, says that he feels entirely well and is sugar free on 
the diet. 


e 
/ 


h 
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Case 12 (20-346)—History.—A housewife, 32 years of age, was admitted 
to the hospital April 19, 1920, complaining of weakness and polyuria. There 
was no history of diabetes in the family. During her past life she had had 
many attacks of bronchitis, and she had had one attack of tonsillitis several 
years before admission. In January, 1919, she had influenza and did not regain 
her strength after it as she thought she should. She also suffered from 
polyuria and swelling of the feet. A physician told her that she had diabetes 
ind forbade the use of foods rich in carbohydrate. Her urine had never 
been sugar free from this time until she came to the hospital, and weakness 
was progressive. At the time when we first saw her, this latter was her most 
erious complaint. She stated that she was entirely unable to attend to her 
household duties or to care for her 6 year old child, and that if she was 
ut of bed for any length of time she fainted and had to be carried back 

Examination.—Nothing of importance was noted in the physical examination 

Comment.—On a diet containing 16 gm. protein, 95 gm. fat, 8 gm. carbo- 
hydrate and 950 calories her urine became free from sugar on the fourth day 
nd the ferric chlorid reaction was negative on the eighth day. Her diet was 
nereased to contain 55 gm. protein, 220 gm. fat, 35 gm. carbohydrate and 
2,400 calories. She has kept in constant touch with us, and with the exception 
f a short period when she had a severe acute bronchitis, she has always bee 
sugar free, a period of twenty-six months. She is doing her housework, and 
eels as strong as she did before the onset of her diabetes. 

Case 13 (19-286).—History—A Jewish salesman, 40 years of age entered 
he hospital June 5, 1919, with a diabetes that had developed abruptly te: 
years before. There was no family history of diabetes, and his pre 
ious history was of no importance. At the time of onset of the usual diabetic 
symptoms, his weight had been 172 pounds; his weight at admission was 136 
pounds. His vision had failed rapidly, and when first seen by us his left 
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eye was almost blind. There had been increasing numbness and tingling o: 
the feet and legs for the past few months, and he was unable to work because 
of weakness. 

Physical Examination.—This showed nothing of importance, except evidenc« 
of peripheral and aortic arteriosclerosis. His blood sugar was 0.40 per cent. 
his urine contained sugar and diacetic acid and his hemoglobin was 110 per 
cent. with 6, 320,000 red blood cells. 

Comment.—On a diet containing protein, 15 gm.; fat, 90 gm.; carbohydrate, 
10 gm.; 900 calories, he became sugar free in one day. His diet was increased 
by steps until he was receiving protein, 48 gm.; fat, 243 gm.; carbohydrate, 15 
gm.; calories, 2,440. The patient returned to the hospital March 31, 1920, for 
examination. His urine was free from sugar and his blood sugar was 0.13 per 
cent. He had adhered to the diet previously prescribed and was discharged 
with the same diet. At a third admission, Feb. 1, 1921, he was still sugar free 
with a blood sugar of 0.12 per cent. and no diabetic symptoms. He was dis- 
charged on a diet which allowed him protein, 55 gm.; fat, 220 gm.; carbo- 
hydrate, 35 gm.; calories, 2,440. In December, 1921, he reported that he is 
still sugar free and feeling entirely well. During these three years he has 
been active as a traveling salesman, and has in no way been disturbed by his 
diabetes. His weight is 120 pounds. 

Case 14 (18-519).—History—An American farmer, 57 years old, entered 
the hospital Oct. 10, 1918, complaining of weakness and ulcer on his foot 
He had always been healthy until eight years before when he began passing 
large quantities of urine. Aside from the omission of bread from his diet, 
there had been no treatment of the diabetes. On two previous occasions he 
had ulcers on his feet that were slow in healing. The one that brought him 
to the hospital appeared about five weeks before. Eight years before he weighed 
187 pounds and his admission weight was 129 pounds. 

Examination.—Arteriosclerosis was marked, his urine contained diacetic acid 
and 63 gm. glucose in the first twenty-four hour specimen, and his blood sugar 
was 0.59 per cent. 

Comment.—October 24, his urine was free from sugar and his diet was 
increased by steps until it contained 3,050 calories, from 60 gm. protein, fat, 
300 gm., and carbohydrate, 25 gm. He was left on this diet until Oct. 21, 
1921, when it was changed to contain protein, 55 gm.; fat, 220 gm.; carbo- 
hydrate, 35 gm., and 2,340 calories. The patient’s wife, who has been caring 
for his diet, says that he has adhered to it religiously, and that during the 
whole time he has been able to do his work on the farm. 


6. Prognosis —The question naturally arises as to whether or not 
all these advantages accrue to the diabetic at the expense of duration of 
life. That is, will the use of a diet such as we have advocated cause in 
itself a downward progress of the disease with a loss of tolerance and 
an earlier death than might be expected under the other methods of 
treatment. While our experience with high fat diets is still brief in 
proportion to the chronicity of the disease and we must therefore be 
somewhat cautious in our conclusions in this regard, we have as yet seen 
no reason for believing that such is the case. We have a certain amount 
of information that seems to bear on the question and which apparently 
indicates that the prognosis in patients on the high fat, ‘low protein diets 
is at least as good as that in patients on other diets. 

Such evidence may be obtained in both of two ways; first, by 
recording any change in tolerance that may occur in individual cases 
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from time to time during the prolonged use of the diet; second, by a 
statistical comparison of the outcome in our patients with that of 


patients on other diets. 

Carbohydrate Tolerance—While we have not as yet observed a 
sufficient number of patients over a sufficient length of time to make 
us willing to affirm that this treatment is never attended by downward 
progress, we have been able to follow some severe cases of diabetes long 
enough to show that a diet containing roughly the normal caloric require- 
ment is at least not inevitably attended by loss of tolerance within the 
period of observation. The records of several such patients have been 
presented in summary in this paper. 

In our whole series we have seen no evidence of loss of tolerance in 
, patient who has adhered to the diet and, therefore, we have no reason 
for believing that downward progress is an accompaniment of a main- 
tenance diet. We had one patient under observation in whom diabetes 
vas complicated by a wide spread pulmonary tuberculosis whose 
capacity for the utilization of carbohydrate steadily declined until 
he died of the tuberculosis fourteen months after the initiation of 
treatment. A similar loss of tolerance from a pyogenic infection was 
observed in Case 15. The disastrous effect of infections on the glucose 
tolerance of diabetics is well known, and in these cases explains the 
observed downward progress. 

Case 15 (21-3332).—History—A boy, aged 7, came for treatment Nov. 14, 
1921, with diabetes that had developed in connection with a suppurative mas- 
toiditis in May, 1920. He had had careful dietetic treatment during the interval 
ind for several months previous his diet had contained protein, 60 gm.; fat, 
60 gm., and carbohydrate, 10 gm., on which he had had glycosuria most of the 
time. He was desugarized by a diet containing protein, 25 gm.; fat, 100 gm., 
and carbohydrate, 12 gm. His diet was increased to protein, 30 gm.; fat, 
130 gm.; carbohydrate, 18 gm. 

During January, 1922, he developed an acute upper respiratory infection and 
eventually a pansinusitis. Glycosuria returned in a progressively increasing 
legree and he died May 20, 1922. 


Duration of Life—Conclusions regarding the duration of life in 
relation to any treatment used in the management of a chronic disease 
ire difficult to draw because of the many more or less unavoidable 
sources of error that enter into a biologic problem of this sort. 
Statistical compilations of the average duration of life in years of 
diabetics undergoing different forms of treatment might at first thought 
seem to answer the question mathematically and beyond doubt. But 
statistics to be of value must deal with only one variabie or else all 
ther variables must be thoroughly understood and be under control. 
Such is not the case in the present problem. Some of the improperly 
ontrolled variables which inevitably occur in series of cases extending 
ver long periods of time are the following: 
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1. The term diabetes mellitus is applied to several types of ~ r- 
sistent glycosuria which vary greatly in severity and prognosis regard- 
less of treatment. Wilder’ recently made another effort to classify 
diabetics, and divided them into five groups whose clinical manifesta- 
tions and progress are so different as to make them seem like different 
diseases. Unless series that are being compared contain equal per- 
centages of the different kinds of diabetics, deductions from the statistics 
will be erroneous in just so far as the types represented are numerically 
unequal. 

2. It is probably true that all diabetics are guilty at one time or 
another of small indiscretions in diet, and many of larger ones. The 
effect of such indiscretions on duration of life is not known and 
therefore becomes a variable whose magnitude is undetermined 
Experience seems to show that the effect of indiscretion varies 
enormously from patient to patient. For example, the patient reported 
as Case 16 died apparently as the result of a single indiscretion, while 
the patient reported as Case 17 appears to have recovered from her 
diabetes while living on an unrestricted diet. 


Case 16 (19-170).—History—A woman, 38 years of age, entered the hos- 
pital April 3, 1919, because of sexual anesthesia and diabetes. She stated that 
her nine children had diabetes, but this could not be verified. Her diabetic 
history was not clear cut, consisting of pruritis vulvae at intervals since the 
age of 14, nocturia as long as she can remember, tingling of her legs for 
fifteen years, boils nine years before and glycosuria first discovered in 1910 
Her weight at the age of 21 was 135 pounds, and at admission to the hospital 
was 131 pounds. 

Examination.—Her blood sugar at admission was 0.57 per cent. and her 
urine contained 74 gm. glucose in the twenty-four hour specimen. 

Comment.—On a diet containing 16 gm. protein, 90 gm. fat and 10 gm 
carbohydrate her urine became sugar free on April 17, and her blood sugar 
was 0.19 per cent. At this time her husband brought her some food beyond 
what had been prescribed, glycosuria returned, her blood sugar rose to 0.32 
per cent., vomiting developed, and her general condition became progressively 
worse. Actual coma did not appear until May 3 after three days of fasting 
and she died the next day. 

Pathologic Diagnosis from Necropsy.—Diabetic coma; subacute parenchy- 
matous nephritis; acute toxic hepatitis; thyroid adenoma; atrophy and fibrosis 
of pancreas. 

Case 17 (19-38).—History—A girl, aged 18, was transferred to our clini 
from the department of genito-urinary surgery, Jan. 22, 1919. She had come 
to the hospital for treatment of gonorrhea, and glycosuria had been discovered 
during the routine urine examination. There had been no diabetic symptoms 
Her father and mother had died during her childhood and no family histor) 
could be obtained. 

Examination.—Her general examination showed nothing of importance. The 
urine contained 184 gm. glucose in the first twenty-four hours, but she insisted 
on leaving the hospital. 

Comment.—A letter from her home physician states that her urine is sugar 
free and that she is feeling entirely well without dieting. 
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3. The prognosis in diabetes is very closely related to the complica- 
ns of the disease. Diabetics treated in institutions of different 
vpes show variations in percentages of individual complications. The 
inic situated in a region to which many patients come from long 
distances for the treatment of tuberculosis sees more diabetic patients 
vith tuberculosis than does the average clinic. In a hospital known 
chiefly for its surgery, the internist cares for a large percentage of 
diabetics with surgical diseases. The diabetic specialist in a large 
general hospital must add to his group many patients entering because 
of serious infections and major surgical conditions, to whom the diabetes 
is unknown or of minor importance, whereas the physician confining 
imself to the treatment of private diabetic patients is less likely to have 
» care for these milder cases of diabetes in which life is ended by the 
major diseases which brought the patients to the hospital. The statistical 
utcome of a group is importantly affected by the number of patients 
vho enter the hospital in coma, but this number will vary with the loca- 
tion of the hospital. The general hospital in the big city will receive 
more such cases than an institution such as the university hospital 
located as it is in the small town, since patients in coma are not trans- 
ported a long distance to a hospital. 


4. Diabetics are subject to the prevalent small infections. The 


lasting effect of these small infections cannot be guessed at. Further- 


more, statistics concerning any group of diabetics may be seriously 
affected by an epidemic in their community ; for example, three of the 
seventy-three patients originally reported on by us died of influenza. 
While influenza was pandemic in this country at the time, it illustrates 
the fact that such a disease may influence the statistics either because of 
its effect on a small series of cases, or because it might be local. 
5. It is obvious that statistics dealing with the duration of life 
irom the onset of the diabetes are greatly influenced by the efficacy 
i the treatment before the patient came to the physician compiling the 
statistics. The previous treatment may effect the total duration of the 
disease in either of two ways; either the proper management of the 
patient may have given him a long life before he came to the physician 
reporting the statistics, or improper treatment may have aggravated the 
disease or allowed complications to develop that injure the prognosis. 
For example, the appearance of our statistics on young diabetics is 
improved by the addition of Case 1, the patient having been kept alive 
for seven years by previous treatment, while the patient described as 
Case 18 (cited below) was mildly diabetic, and came to us with an 
overwhelming and fatal infection which had been allowed to develop 
because her diabetes was uncontrolled. 
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Case 18 (21-1507).—History.—A housewife, 57 years of age, entered the hos- 
pital June 2, 1921, with a massive infection in her feet and legs, complaining 
of the usual symptoms of diabetes. Six years before she was troubled by 
pruritis vulvae, and during the following year polyuria and polyphagia devel- 
oped. At this time a physician diagnosed the diabetes. For eight weeks she 
was on a diet of green vegetables and bran, but since that time there had been 
no dietetic treatment. Her weight fell from 200 pounds to 140 pounds. Her 
vision had been failing for a year and constipation had been obstinate. About 
four years ago she began having blisters on her feet, which would rupture, 
heal very slowly and then appear again. Several weeks ago her feet became 
swollen, red, and so painful that she could not walk on them. 

Examination.—On examination it was noted that there was marked scle- 
rosis of the peripheral vessels and evidence of aortic sclerosis. The knee jerks 
four years ago she began having blisters on her feet, which would rupture, 
heal very slowly and then appear again. Several weeks ago her feet became 
swollen, red, and so painful that she could not walk on them. 

Comment.—Throughout her stay in the ward she had an irregular fever 
and a leukocytosis of from 22,300 to 35,300. Her hemoglobin was 60 per cent. 
and she had 3,050,000 red cells. Her blood sugar was 0.21 per cent. and her 
urine contained sugar but no diacetic acid. In spite of free drainage of her 
feet, chills and fever continued, she became weaker, the pulse feebler, respira- 
tions slower and she died during the night of June 12. 


6. Accurate knowledge of the length of life after the onset of 
diabetes is often unobtainable because of the impossibility of determin- 
ing the date of onset. The discovery of glycosuria by the insurance 
examiner or during the routine urinalysis in a hospital gives one no 


information about the duration of the disease up to that time. Some 
patients cannot remember when the symptoms began, others mention 
symptoms many years before which may or may not have been diabetic, 
and in others the onset was so insidious that the physician cannot 


determine the date of onset. 

7. The statistical outcome of the treatment of a group of patients 
must be influenced by the type of subjects with whom one has to deal. 
The prognosis is influenced by the patient’s intelligence and his social 
status. It is probable that the improvement during the last decade in 
the treatment of diabetes has been due very largely to the realization 
of the importance of instructing the patient in his own care. This 
instruction can be carried only as far as the patient has ability to learn. 
It follows then that the prognosis in a given case is largely dependent 
on the subject’s mental capacity. One of our patients is suffering from 
Korsakoff’s psychosis and entirely unable to care for herself; another, 
with a condition diagnosed constitutional psychopathic state by the 
department of psychiatry, whose family is trying to keep him to the 
diet, is reported to be stealing food from the garbage cans of the 
neighborhood. The deaths of such patients from diabetes or any other 
cause bear no relation to attempts at treatment. 

The social status of the patient influences the prognosis because of 
two factors. Persons compelled to obtain their food at public eating 
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ouses find it impossible to adhere rigidly to the diet because of 
inability to obtain proper foods or to have them measured. One of our 
patients, a farm hand, is very much discouraged because he has not 


ven able to find work on a farm where his diabetic meals will be 


prepared for him. Others, under economic pressure, are unable to 
increase their expenses by the small amount necessary to supply the 
liet. One of them is living on thirty cents a day, and eats little but 
rolls and coffee. 

8. An important variable in the statistical study of diabetics is the 
physician himself. Success in the treatment depends, in part, on the 
ability of the physician in impressing on the patient the importance of 
ulhering to the diet, and, in part, on the amount of instruction that can 
be given the patient in the management of his food. In the com- 
parison of statistics from different institutions these elements cannot 
be ignored. 

9. An important factor in the success of treatment of diabetes is 
the home physician. The adherence of the patient to a diet depends, 
in part, on the belief of the home physician in the importance of strict 
adherence. The damaging effect to statistics of lack of cooperation 
between the specialist and the general practitioner is shown in the 
following example (No. 19). 

Case 19 (20-475) —History—An American woman, aged 33 years, entered 
the hospital July 12, 1920, complaining of weakness and loss of weight. There 
vas no family history of diabetes. Her diabetes developed abruptly in July, 
1919, with polyphagia, polydipsia, polyuria, weakness, and loss of weight. For 
the past six months she had noticed progressively increasing numbness of her 
irms and legs. Her weight at the onset of the disease was 109 pounds and 
her weight at admission was 61 pounds. 

Examination—Except for loss of the knee and Achilles reflexes, her phys- 
al examination was negative. Her blood sugar was 0.42 per cent., and her 
irine gave a strong reaction to ferric chlorid 

Comment.—On the tenth day of a diet containing 15 gm. protein, 90 gm. 
fat, and 12 gm. carbohydrate, her urine gave a negative reaction to ferric 
hlorid and was sugar free. She was discharged from the hospital August 28 
without glycosuria or evidence of acidosis on a diet which allowed her 28 gm. 
protein, 140 gm. fat and 20 gm. carbohydrate. A letter from her sister stated 
that she adhered to the diet until late in October when the family physician 
idvised her to let the patient have anything she wanted. She died Nov. 
18, 1920. 


We have cited a number of important reasons for using great 
caution in applying statistics to the study of the comparative effects 
{ different treatments on the course of the disease in the diabetic 
tient, but in spite of these objections there is undoubtedly something 
to be learned from the tabulation of the available data concerning the 
tatus of our 190 patients. This information is contained in Table 12 
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It will be noted that of these 190 patients, treated between March 1, 
1918, and July 1, 1922—a period of four and one third years—forty- 
five (23.7 per cent.) are dead, fourteen (7.4 per cent.) are not traced 
and 132 (68.9 per cent.) are alive. If the fifteen patients who died in 


TABLE 12.— Present Status, sy DecapeE or ONset AND YEAR OF First 
TREATMENT, OF Att Patients Treaten Since Inception or Hicu Fat Diet 


Age of Onset 





0-10 11-20 21-30 31-40 41-0 5140 61-70 71-80 Total 
Total Cases: 


1918 0 0 5 ” 


1919...... whine gue: 4 3 ; 10 
1920...... 1 7 
1921.. 3 7 


, 
1922 ° 1 3 2 ll 


6 


Total ie 6 “M4 ‘ 33 37 
Died in Hospital: 
ET 


1919 
120... 
1921. 
1922... 


~ 
” 


| 
moto ol Cone wmecero 


Total 


Dead—Discharged Untreated: 
1918... ‘ ~ 
i enaees eucecesece 
_ See 
BEER. cc vccce 
ee 


= 


al 


Total 


Died—Treated: 
1918... 
(Rapala 
ee 


oo | aT - ) 
~ 
ae cote 


to 
= 


Total 


Untraced: 
1918. . 
1919... 
1920. ... 
= 


- | Oori@mw 


wl 


Total.. 


Alive: 
1918... 
1919. PS ay 
BORD. 0c ccccscccccceseccece 
1921 


Si deviedenusts 


mole 6 
S| os 
@Sacocwrs 


Total 


Summary: 
Total cases... - 
Total dead...... 
Total missing 
Total alive.... 





the hospital, the eight who were discharged against advice with glyco- 
suria and the fourteen who are untraced be subtracted from the total 
of 190, there remain 153 who were discharged sugar free. These 153 
patients are the only ones who give us evidence concerning the effect of 
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the diet when used over a long period of time. Of these 153 patients, 
twenty-four (15.7 per cent.) are dead and 129 (84.3 per cent.) are 
iving. Obviously, there is no way of knowing how many of these 
patients adhered rigidly to the prescribed diets. 

The forty-five dead patients fall into three groups: viz., fifteen 
who died in the hospital, six who were discharged against advice with 
glycosuria and twenty-four who died after having been discharged 
from the hospital sugar free. The first group is presented in Table 
13. It will be seen that five of these died in coma; of these four 
entered in coma and were not treated by the method under discussion ; 
he fifth went into coma after breaking diet. The patient who died 


TABLE 13.—Patients Dyinc 1n Hospitar 


Date of Date of Condition at Cause of Age at Age at 
Number Admission Death Admission Death Onset Death Remarks 
sso" 11/11/18 11/12/18 Coma Coma 29 No history 
18-679 12/ 8/18 9/30/20 ° Chronie pul- 26 28 No glycosuria, no 
monary tu- acidosis at death 
berculosis 
19-170 4/ 3/19 5/ 4/19 ‘ we Known to have ? 38 
broken diet; 
coma 
+ O41 1/29/20 1/30/20 Influenza Pneumonia 33 36 
12/26/19 12/29/19 Coma Coma 57 
+423 6/ 7/20 7/13/20 Hematuria Broncho- No glycosuria nor 
pneumonia acidosis at death 
443 6/16/20 6/28/20 Advancedtu- Pulmonary 4 No glycosuria nor 
berculosis tuberculosis acidosis at death 
481 7/14/20 7/15/20 Suppurative Septicemia 35 
mastoid; coma 
11/12/20 11/12/20 Exhaustion Inanition 2 Previous fasting 
vomiting 
12/ 3/20 12/17/20 Ventral hernia Postoperative 5 8 Died in «surgical 
pneumonia ward; necropsy; 
mild diabetes 
6/ 2/21 6/13/21 Osteomyelitis Septicemia 
of foot 
11/11/21 11/11/21 Coma Coma 
1/10/22 2/222 Pyelonephritis; Septicemia 49 § No glycosuria nor 
pyemia acidosis at death 
2/13/22 2/15/22 Coma Coma 24 
3/16/22 4/15/22 Gangrene legs Gas gangrene 53 56 Necropsy 


* Summary of record elsewhere in paper. 


of inanition as the result of previous fasting has been described as 
Case 9. All but two of the remaining cases died of infection acquired 
before entering the clinic. One patient (20-753), mildly diabetic, died 
of pneumonia following an operation for repair of a ventral hernia at 
a time when she was sugar and ketone body free. The remaining 
patient (20-423) died of bronchopneumonia following cystoscopy, 
without glycosuria or evidence of acidosis. None of these deaths are 
of significance in estimating the value of the high fat diet. 

The status of the patients who left the hospital against advice is 
presented in Table 14. Seventy-five per cent. of the patients who 
refused dietary treatment are dead. This emphasizes again the import- 
ance of keeping the diabetic sugar-free regardless of the method 
employed. 
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The twenty-four patients who died after leaving the hospital on the 
diet are presented in Table 15. Four patients are known to have 
died in coma and all of them are known to have discarded the diet. 


TABLE 14.—Status or Patients Leavinc HospiraAL AGAINST 
ApbvIcCE witH GLYCOSURIA 








Date of Dateof Age Age at Age Duration Cause of Death 
Admis- Dis- Date of at Admis- at After or Condition 
sion charge Onset Death Onset sion Death Discharge it Alive 


6/27/18 6/4/18 Jan., 1918 35 : 1 month ? 

9/12/18 9/16/18 Jan., 1918 39 : ae Refused treatmen:; 
glycosuria 

1/22/19 2/14 1 ? ee «.ee.ssee. Unrestricted diet; 
no glycosuria 

8/26/19 oo s/l9 7 12/14/20 5: g 2y “Chronie diarrhea” 

4/17/19 4/26/19 July, 1921 x § 2.3 s Gangrene both legs 

8/5/20 =8/12/20 1915 8/20/20 s 35 35 . Coma 

10/21/20 10/27/20 March, 1920 9/29/21 26 26 q Coma 

10/31/21 11/ 1/21 June, 1921 Jan., 1921 5 Smonths Pneumonia 


TABLE 15.—Cases DiscuHarcep WitHout GLycosurRia 








Total Duration 
Date Date Age Age Dura- After 
of of at at Cause of tion, Start of 
No. Admission Death Onset Death Death Years Treatment Remarks 
18-168 4/10/18 10/ 1/21 Diabetic 8.5 3% yrs. Chronic nephritis with 
gangrene hypertension 
18 298 6/12/18 Spring,1921 | g Apoplexy 6.0 2 yrs. 
18-382 7/25/18 Jan.,1919 2 Influenza 4.0 6 mos. 
19-218 4/28/19 1/ 7/2 f Uremia 110 W4mos. Mild diabetes; severe 
nephritis 
19-229 5/ 1/19 5/ of/1e f 5 Carcinomaof 5.0 1 yr. 
uterus 
19-263 5/22/19 11/23/19 ? . 6 mos. 
19 306 6/20/19 1/21/22 p Gangrene . 2.6 yrs. 
19 444 9/ 5/19 2/ s/ie 5 Influenza 2: 6 mos. 

10/22/19 July,1920 3 Coma 5 9mos. Motor trip: ate every- 
thing; died short 
time after arriving 

20/20 «=Aug.,. 1920 1 ' 8 mos. 
19/20 4/18/21 5 Apoplexy: 8 l4mos. Mild diabetes; severe 
Bright's disease nephritis 
5/24/20 Convulsions 2mos. Cerebrospinal syphilis 
Sept.,1920 ; 4 Coma ? 3 mos 
May, 1922 7 ; 3.2 23 mos. 

11/18/20 : . Coma a 4mos. Home physician told 
her to eat what she 
wanted; died two 
weeks later 

2/ 1/22 2 Cardiac failure 5. 15 yrs. Chronie myocarditis 

10/ 1/20 7/ 5/21 Carcinoma of . 8 mos. 

breast 
21-19 1/10/21 2/15/21 Apoplexy 5.2 1 mo. Mild diabetes; sever: 
nephritis 
21-276 «=62/ 7/21 +Jan., 1922 ; 22 Coma 3 lmos. Tried “patent medi- 
eine”; died in three 
weeks 
21-2329 9868/17/21 1/22/22 64 Chronic pulmo- 5mos. Advanced tuberculosis 
nary tuberculosis at admission 
21-2708 9/20/21 3/ 5/22 53 Coma . 5mos. Left against advice 
21-2954 10/12/21 Feb., 1922 68 Angina pectoris 4 mos. 
8 
55 


21-3332 11/14/21 5/12/22 Maxillary . 6 mos. 


sinusitis ; 
22-1246 5/ 3/22 6/ 2/22 ? 1 mo. Discharged against 


advice; sugar-free 





A fifth is believed to have died in coma, though little is known about 
her death. That is, of 167 patients discharged sugar free, only five 
have died in coma, and four of these are known to have discarded 
their diet. These statistics demonstrate clearly the innocuousness of the 
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igh fat diet in relation to the induction of acidosis. Two died of 
gangrene. The rest died of causes not primarily diabetic. 

A summary of the causes of death of all these forty-five patients, 
ncluding those who died in and out of the hospital, is found in Table 
6. Joslin ** has pointed out that coma as a cause of death has 
lecreased from 68 per cent. of his fatal cases treated before 1914 to 
5 per cent. since he has employed fasting and severe undernutrition. 
[his he cites as evidence of improvement in treatment. It is, there- 
fore, interesting to note that in our relatively small series of fatal cases, 
mly 27 per cent. have died in coma. 


TABLE 16.—Causes or Deatu 1N ALL Known To Have Diep 
Since THE INcEPTION oF HicuH Fat Diet 


Number Per Cent. Number Per Cent 


COR Besscceece 12 26.7 Lremia... , I 
ee 4 } Central nervous system 
Pneumonia . 6 3.3 syphilis 

Tuberculosis........... 3 3.7 “Chronic diarrhea” 
Septicemia........ 3 7 Carcinoma...... 

Inanition. ......... ‘ 1 2. Apoplexy..... 

Angina pectoris........ 1 2.3 Suppurative sinusitis 

Cardiac failure. _ 1 2.2 Unkrown 


TABLE 17.—Sratus or Att Patients Arter More THAN Fovur 
Years Use or TreEATMENT 


Williams Authors’ Series 


Number Per Cent Number Per Cent 


Total... : se es 504 100 176* 100 
CO re ee ee nee 201 i) 131 75 
Dead..... en ae 108 34 45 


* Exeluding 14 cases lost. 
While we have pointed out the pitfalls encountered in the use of 


comparative statistics, it may, nevertheless, be of some value to tabulate 
our results beside those of competent observers using other methods. 


[t is, of course, not necessary to compare this group with one treated 


previous to 1914 because of the great improvement in the treatment 


f diabetes mellitus that followed this date. Comparison, however, 
with such statistics as those of Williams * dealing with 304 cases treated 
during the five year period 1915-1920 may be profitable (Table 17). 

Allen ** has recently published the end results in patients treated 
n the Physiatric Institute during 1919, 1920 and 1921. Since the 


12. Joslin, E. P.: Today’s Problem in Diabetes Mellitus in Light of 930 
atal Cases, J. A. M. A. 78:1506 (May 20) 1922 

13. Williams, J. R.: Evaluation of the Allen Method of Treatment of Dia- 
tes Mellitus, Am. J. M. Sc. 162:62, 1921. 

14. Allen, F. M., and Sherrill, J. W.: Clinical Observations on Treatment 
nd Progress in Diabetes, J. Metabolic Research 1:391, 1922 
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number of patients lost from observation is not tabulated, a strict 
comparison may not be warranted. In Table 18 the percentage of 
deaths of the two groups treated is presented; all deaths are included 
for each observer, regardless of the condition of the patients at 
admission or their adherence to treatment. 

Allen has further tabulated his mortality by excluding those patients 
who came to him with gangrene, tuberculosis, serious acidosis and 
neoplasms and subsequently died of such complications. In Table 19 
we have compared our mortality with Allen’s on this same basis. 

A third comparison may be made with the mortality statistics 
recently published by Joslin '* of the group treated by him, in hospitals, 
during the period between April 1, 1919, and December 31, 1922. 
In Table 20 will be found his data and those of the corresponding 
group of our series. It will be noted that 8 per cent. of our patients 


TABLE 18.—Comparison oF ALLEN’s AND AuTHors’ STATISTICS 





Mortality, 
Total Per Cent. 


adevabsdaciniuedooten ibnnen 504 17.1 
pF ee re eee 37 2 18.8 


TABLE 19.—Simiar Comparison witH DeatHs oF Patients ENTERING WITH 
GANGRENE, TUBERCULOSIS, SeRIous Acriposis AND Neoplasm OmiITTeD 








Mortality, 

Total Dead Per Cent. 
NS sen dtiictinenucciuebitauiens 480 62 13.0 
Authors’ series 128 17 13.3 








died in the hospital, whereas only 2 per cent. of Joslin’s died in the 
hospitals. Since our greater initial mortality is not related to the 
dietetic plan, it does indicate that we receive a considerably larger 
proportion of patients who are suffering, when first seen, from serious 
illnesses which will shortly end their lives, regardless of their diabetic 
state. In spite of this our mortality is slightly less than his. It is 
also worthy of note that the average duration of life of those dying in 
his series was 4.5 years, and in ours, 4.8 years. 

It is apparent that, in so far as our statistics go and in so far as 
deductions from them are justifiable, there is no shortening of the 
duration of life of the diabetic by the use of a low protein, low 
carbohydrate, high fat, maintenance regimen. The advantage to the 
diabetic patient of a diet deriving most of its energy from fat, which, 
while still controlling the diabetic state, allows him a wide range of 
activities and avoids the chronic invalidism of severe undernutrition, 
is apparent. This is admitted by the most ardent adherents of the 





NEW BURGH-MARSH—DIABETES MELLITUS 481 


undernutrition regimen, provided it can be demonstrated to them that 
such a diet does not increase the danger of coma nor shorten the 
ljuration of life. We have shown that these two fears are groundless 
None of our patients has gone into coma as the result of the initiation 
of this treatment and only half as large a percentage of our fatal 
cases have resulted in death in coma as in Joslin’s series. Our mortality 
statistics are not importantly different from those of the observers who 
use severe undernutrition. The improvement in the treatment of dia- 
betes since the introduction of undernutrition in 1914 is undoubted. The 
high fat maintenance regimen has been shown to permit the diabetic 
the same expectancy of life as undernutrition. Since the high fat 
regime carries the out-standing benefit of undernutrition, nameiy, an 
increased duration of life, and at the same time avoids the incapacity 
that inevitably results from prolonged undernutrition, it must neces- 
sarily follow that undernutrition should be supplanted by this dietetic 
method. 


TABLE 20.—D1asetic Patients Treatep From Aprit 1, 1919, To 
Dec. 31, 1922, on Jan. 1, 1922 


Authors 


Number Per Cent } Per Cent. 
Cases, total.. ; ; éa 124 100 126 1 
Cases, traced eecces . . 17 wt g 0 
Deaths in hospital.... . ‘ ae 10 8 2 
Deaths in and outside hospital! 26 21 23 


7. Minor Considerations—Besides these six major considerations 


which must enter into a discussion of the treatment of diabetes, there 
ire a few matters of less importance which, nevertheless, should not 
be ignored in judging of the value of any dietetic regimen. Chief 
among these are palatability of the diet, its safety in relation to surgical 
operations and its effect on the gastro-intestinal tract. 

On first thought it would seem that it must be difficult to provide 
diets containing so much fat and so little carbohydrate that are still 
palatable. To the skilled dietitian this is not a serious problem. Not 
only can the meals be made attractive, but sufficient variety can be 
offered so that there is no monotony and the patient need not be 
surfeited with any one kind of food.’ 

The surgeon will ask whether such a diet as has been described 
may properly be used as a preparation for operation. We have had 

not inconsiderable experience in this matter, and we have not varied 
from our routine in preparing our patients for operations. Such 
minor operative procedures as tooth extractions, tonsillectomies, and 


Stewart, D.: Feeding High Fat Diets in Diabetes, Mod. Hosp. 18:164, 
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extraction of cataract have been frequent. Several have had amputa- 
tions of fingers or toes, removal of osteomyelitic bones, and uterine 
curettages. We have had to deal with the usual number of diabetics 
who required major surgical operations. None of these patients has 
developed a serious acidosis. One patient died of postoperative pneu- 
monia which complicated the repair of a ventral hernia without the 
reappearance of glycosuria; at necropsy a wide spread pneumonia of 
the influenzal type was found. The remainder of the patients made 
an uneventful convalescence. 

It might be questioned whether a diet so rich in fat may not be 
accompanied by diarrhea. Such has not been our experience; in no 
one of our 190 cases has our diet been responsible for a diarrhea. 


SUMMARY OF RESULTS 


A lew protein, low carbohydrate, high fat diet fed a large group 
of diabetic patients since March 1, 1918, (1) produced and maintained 
an aglycosuric state; (2) was not attended by acidosis and caused 
its disappearance when present (short of coma) at the beginning of 
treatment; (3) maintained nitrogen balance; (4) did not cause a 
hyperlipoidemia and was attended by its disappearance in those patients 
in whom it was present at entrance; (5) supplied sufficient energy 
to (a) avoid the evils of fasting and undernutrition and (b) permit 


an amount of activity compatible with earning a livelihood; (6) was, 
within the limits of our observations, not attended by downward 
progress in uncomplicated cases. 


DISCUSSION 

In the construction of the diet that we have recommended we had 
in mind as the first requirement that its glucose equivalent be low 
in relation to the total calories. Since all of the carbohydrate, 58 
per cent. of the protein, and, perhaps, 10 per cent. of the fat, are 
converted during metabolism into glucose, it is apparent that such a 
diet must be composed chiefly of fat. If the glucose equivalent of 
different types of diabetic diets are calculated by means of these figures, 
as suggested by Woodyatt ** the interesting results shown in Table 21 
are obtained. 

It is apparent that the high fat diet throws into the metabolism 
much less glucose in proportion to its caloric content than do the other 
two types of diet. 

Relation of High Fat Diets to Acidosis —Owing to the lowered capa- 
city of the diabetic to burn glucose, there is a proportional decrease 
in his ability to burn fat. Some glucose must be oxidized to assure 
the complete oxidation of fat. The maximum fat-carbohydrate ratio 
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at is safe has not been established beyond question. On the basis 
f the available data, Woodyatt*® has suggested that if the ratio 
ratty Acid 
Glucose — 
iets far exceed this ratio. For example, a standard maintenance 


* is greater than 1.5, acidosis will develop. Our standard 


liet, composed of protein, 55 gm., fat, 220 gm., carbohydrate, 35 gm., 
gives a ratio of 2.5. In spite of these high fat values none of the 
patients developed an acidosis. Of still more importance is the fact 
that in those patients who came in with an acidosis short of coma, 
this acidosis has disappeared on the diet. Furthermore, we have even 
exceeded such high fat: carbohydrate ratios in individual cases with- 
ut the induction of acidosis. A striking example of this was presented 
as Case 2. Reference to Table 3 will show that this young diabetic, 


who entered the hospital with a marked acidosis as shown by his 


clinical condition, the carbon dioxid combining power of his blood 
plasma and the ferric chlorid reaction of his urine, showed a prompt 


TABLE 21.—Gtvucose EguIvALents or DiIFFERENT Diets 








Protein Fat Carbohydrate Calories Glucose Equivalent 
180 138 16 2,000 128.4 
%® 113 130 2,000 193.6 
” 187 » 2,000 78.1 


lisappearance of the symptoms and signs of the acidosis on our 
routine desugarization diet. Later he tolerated without acidosis a 
Fatty Acid 
Glucose 
this group of diabetics has convinced us that much higher fat: carbo- 
hydrate ratios than those allowed by the calculation of Woodyatt may 


maintenance diet whose was 4.1. Our experience with 


safely be employed. 

Ladd and Palmer ’?* have also studied the question of the carbo- 
hydrate-fat ratios in relation to ketonuria. Diabetic patients were 
freed from sugar, their sugar tolerance determined and they were 
hen placed on diets which contained enough protein to maintain nitrogen 
equilibrium with the fat and carbohydrate given. During different 
eriods the protein was kept constant and the amount of carbohydrate 
was reduced in proportion to the fat until ketone bodies showed a 
lefinite increase in the urine. Table 22 shows the percentage rela- 
tionship of fat and carbohydrate and the total available carbohydrate 

16. Woodyatt, R. I.: Objects and Method of Diet Adjustment in Diabetes 
Mellitus, Arch. Int. Med. 28:125 (July) 1921 

17. Fatty acid — 09 fat plus 0.46 protein; glucose carbohydrate plus 0.58 
protein plus 0.1 fat. 

18. Ladd. W. S., and Palmer, W. W.: The Carbohydrate-Fat Ratio in Rela- 
ion to the Production of Ketone Bodies in Diabetes Mellitus, Proc. Soc. Exper 
iol. & Med. 18:109, 1921. 
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(calculated by adding 58 per cent of the protein to the carbohydrate ) 
in the diet of the patients at the point where the ketone body excretion 
showed a marked increase. In one of our standard diets containing 
35 gm. protein, 160 gm. fat and 20 gm. carbohydrate, the corresponding 
ratio is 1:4. 

Shaffer ** who has been studying the relation of the distribution 
of the foodstuffs burned in different metabolic states to ketosis, has 
insisted on the importance of the total metabolism in this relation 
An outcome of his work is the development of a formula by means 
of which one may derive the amount of carbohydrate that must be 
given in the maintenance diet of an aglycosuric diabetic to prevent 
ketosis. The formula is as follows: 

Total Calories—(100 « Urine N 
; a 

If this formula is applied to our diets, it will be seen that a mainte- 
nance diet containing 55 gm. protein, 220 gm. fat and about 2400 
calories should include 31 gm. carbohydrate to prevent ketosis: our 











) =C. H. in food. 













TABLE 22.—Carponyprate-Fat Ratio WHEN Ketonurta APPEARED 


(Lapp AND PALMER) 














Gm. Available 








Case No. Carbohydrate Gm. Fat Ratio 
Peousceoesee exdensesemensceées HO 150.6 1: 25 
Rr ee 25.1 111.0 134 
Pee ocepersduccereccccousecesce 40.9 ®0.4 Rs Be 
Ma vedctedeneceses . os ‘ 31.4 140.1 1: @5 
DE caewevovseseenweagnncanws ° 25.4 80.5 1: 3.3 

= 1: 
ovens 1 
1 
1 





diet containing these amounts of protein and fat does in fact contain 
35 gm. carbohydrate. In a similar manner, a patient weighing less may 
be maintained in nitrogen and caloric balance on a diet containing 35 
gm. protein, 165 gm. fat, 25 gm. carbohydrate, 1725 calories; the 
combustion without ketosis of these amounts of protein and fat would, 
according to Shaffer’s formula, require 23 gm. carbohydrate. Shaffer's 
fundamental analysis of the mechanism of acidosis, fully justifies the 
use in practice of these high fat diets. 

The important conclusion to be derived from our experience with 
these 190 cases is that the fear of the use of fat in the treatment of 
diabetes mellitus is exaggerated, and that fat may be used, as we have 
used it, without danger of acidosis. On other hand, we do not want 
to insist on the employment of the exact proportions of the food- 
stuffs that we have used. It is possible that other combinations may 
















19. Shaffer, P. A.: The Ketogenic-Antiketogenic Balance in Man, and I 
Significance in Diabetes, J. Biol. Chem. 50: (Proc.) XXVI, 1922. 
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have their advantages in individual cases. The essential fact is that 
diabetics can tolerate without acidosis low protein maintenance diets 
containing four times as much fat as carbohydrate. 

Advantages of Limitation of Protein.—In the dietetic treatment of 
any disease over a long period of time it is of prime importance that 
nitrogen balance be maintained. We have demonstrated in a previous 


communication * that nitrogen balance can be maintained in the diabetic, 
is in the normal, by the use of a diet containing 0.67 gm. protein 
per day per kilogram of body weight, provided enough total calories 
are given to satisfy the metabolic needs. Protein much in excess ot 


this minimum not only is not a necessity but is a disadvantage, for 
two reasons. As the protein content of a diet is decreased, the carbo- 
hydrate content may be increased without changing the glucose equiva- 
lent of the diet. Furthermore, with the decrease in the protein, there 
is a decrease in the fatty acids, and the food fat, with its greater 
energy value, may be increased without change in the ratie between 
the fatty acids and the glucose. For example, in a patieft whose total 
glucose tolerance is 100 gm., either of the diets shown in Table 23 


TABLE 23.—Cavoric Content oF Diets EQuivALent IN GLUucost 








Protein Fat Carbohydrates Calories Fatty Acids Glucose 
130 0 1,770 186 100 
180 55 2,040 185 100 


may be fed without exceeding his glucose tolerance or changing the 
fatty acid content. The gain in calories is 270. In the second place, 
the specific dynamic action of the large amount of protein in the 
first diet causes a much larger increase in the expenditure of enrgy in 
excess of the basal rates than is caused by fat or carbohydrate, and 
thereby increases the inadequacy of the diet for maintenance. Recently 
Wilder, Boothby and Beeler *® have found that high protein diets 
increased the basal metabolic rate of a diabetic patient as well as the 
post-absorptive rate. Wilder ** believes that an excess of protein exerts 
1 Specifically depressant effect on the ability of the organism to utilize 
glucose. 

Total Caloric Content of the Diet.—Besides the proportions of the 
individual foodstuffs in the diet, it is important to consider the total 
metabolism. This can conveniently be done by taking up the question 
under two heads, agreeing with the two phases of treatment: first, the 
period of desugarization, and second, the prolonged period of after 
treatment. 

20. Wilder, R. M.; Boothby, W. M., and Beeler, C.: Studies of the Metabo 
lism of Diabetes, J. Biol. Chem. 50: (Proc.) XXVIII, 1922 


21. Wilder, R. M.: Optimal Food Mixtures for Diabetic Patient, J. A. M. A 
78:1878 (June 17) 1922. 
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Desugarization Period.—It is important to know whether desugar- 
ization 1s best accomplished by fasting, on the one hand, or by a sub- 
maintenance diet, on the other. As has been pointed out, fasting is 
not ideal for this purpose. A small proportion of patients die as the 
result of it; it does not always succeed in controlling glycosuria and 
acidosis; in some cases the fast must be terminated because of an 
increasing acidosis; and in all cases it is exhausting and a hardship 
for the patient. We have shown that in our series of adult cases a 
diet containing 15 gm. protein, 90 gm. fat, 12 gm. carbohydrate and 
960 calories has been uniformly successful in eliminating glycosuria 
and acidosis, without causing any deaths, and without great exhaustion 
of the patient. Among fifteen children less than 15 years of age treated 
by similar diets, none has failed to become sugar free, and none has 
developed an acidosis. 

Fasting was introduced for the purpose of decreasing the work 
of that part of the pancreas that has to do with the intermediary 
metabolism of the food stuffs. Before accepting this method with 
its disadvantages it is important to analyze the effect of fasting on 
normal subjects. For this there is available a large collection of data. 
The fasting subject continues to require fuel for heat and energy, and 
derives this from his own tissues. Benedict,?* for example, has ana- 
lyzed the nature of the tissues used for this purpose; his subjects 
burned on the third day of their fast an average of the following 
amounts of the food stuffs per kilogram of body weight; protein, 1.28 
gm., fat, 2.54 gm. and carbohydrate, 0.36 gm. A man weighing 60 
kg. may, therefore, be expected to burn 77 gm. protein, 152 gm. fat, 
22 gm. carbohydrate, and 1820 calories. 

In a general way, the fasting diabetic utilizes his body tissues in 
the same manner. There will be some variations in the actual pro- 
portions of the material burned from patient to patient because of 
differences in capacity for burning carbohydrate and differences in 
the ratios of fat to protein in the body. If body fat is available, the 
patient will derive most of his calories from its combustion. Voit * 
has shown that a well nourished dog which during starvation burned 
96 gm. of body fat, burned 97 gm. when fed 100 gm. fat. That is, 
the same amount of fat was burned, whether it came from his food 
or from his body. If, on the other hand, the subject is lean, more 
protein and less fat will be burned. A diabetic who has consumed 
most of his fat stores is thrown back on his body protein for his 
important source of energy. He may be spared some of this excessive 


22. Benedict, F. G.: Influence of Inanition, Carnegie Inst. Washington, 


D. C., Pub. 77, p. 476, 1907. 
23. Lusk, G.: Science of Nutrition, Philadelphia, 1919. 





NEW BURGH-MARSH—DIABETES MELLITUS 487 


endogenous protein metabolism by the addition to his metabolic mixture 
f ingested fat. In the well nourished diabetic, the food fat merely 
replaces part of the body fat that would be burned in fasting; in the 
lean diabetic the ingestion of fat permits the same sparing of protein 
which occurs in fasting in the well nourished diabetic because of the 
presence of fat stores. In our desugarization diet some of this endo- 
genous protein is replaced. It is not certain that replacement of all 
protein would not have further advantages. The important fact to 
be derived from these considerations is that the starving subject con- 
tinues to burn material, and in amounts not much smaller than when 
he is resting on a maintenance diet. The amount of relief for the 
pancreas by fasting must be relatively small. Not only does a diet 
containing 900 or 1000 calories not increase the work of the pancreas 
is regards internal secretions, but it may, perhaps, decrease it because 
it spares protein with its specific dynamic action on the metabolic rate. 

We have cited examples of diabetic patients who did not become 
sugar free when fasted, but who did become sugar free when fed 
liets containing 900 calories derived chiefly from fat. That this 
might be predicted from the laws of metabolism has been pointed 
out by Woodyatt ** and by us.° The lean diabetic who can burn little 
glucose and whose small residue of body fat supplies but little fuel 
s of necessity thrown back on his body protein for the production of 
heat and energy. This protein behaves in a manner no different from 
that of ingested protein; 58 per cent. of it is converted into glucose. 
Because of the excessive destriiction of body protein, glucose accumu- 
lates in the bood, hyperglycemia results, and the urine continues to 
show sugar. While this phenomenon, which at first glance appears 
paradoxical can easily be explained, it has been so completely disre- 
garded in the past that it must be strongly emphasized. Protein derived 
from the tissues is just as capable of producing glycosuria as is protein 
assimilated from the intestinal tract. 

The destruction of important body tissues during fasting cannot be 
ignored. Table 24 presented by Lusk ** from the work of Kumagawa, 
shows the loss of weight of different organs of a dog during a twenty- 
four day fast. It is interesting to note that the greatest percentage 
if loss was in the pancreas. May it not be true that more harm than 
good is done? At any rate the damage to vital organs is not negligible. 

A diet of 900 to 1000 calories derived chiefly from fat is devoid 
f most of the disadvantages of complete fasting for purposes of 
lesugarization. It might be argued that such a diet has disadvantages 
f its own greater than those of the fasting method. It might be 
ssumed that such a diet does not produce the depression of metabolism 
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which results from starvation, that it on the contrary causes an increase 
in the metabolic rate and that it adds glucose to the body. 

Data of the fall in basal metabolic rate of normal men due to 
fasting are available. Examination of Table 25 will show that a fall 
of less than 10 per cent. of the total heat production of the first day 
occurred in five days. Unfortunately we have been unable to find 
enough studies of the effect of fasting on the basal metabolic rate of 
diabetics to justify any general statement. During five days of fasting, 
the basal metabolic rate of Cyril K.** fell from 40.8 to 35.9 calories 
per square meter per hour—a decrease of 12 per cent. Studies of the 
metabolic rates of our patients have shown that there is a rapid fall in 
the metabolic rate, and that this fall is at least as great as that which 
may be expected from fasting. 


TABLE 24.—Loss 1n Weicut or DirrereENT OrGANsS Durinc STARVATION 
(KuMAGAWA) 


Fat-Free Animal Containsin Fresh Fat-Free 
Percentage of Weight Organ Loses in 
————— ——~ Percentage 

Well Starva- Weight During 

Nourished tion a 24 Days’ Fast 
Skeleton... = A . i 14.78 21.50 
Skin... . ae - ae 10.30 11.29 
Muscles. ans on ‘ - 53.77 48.39 
0.94 1.11 
O.11 0.16 
0.6 0.09 
7.14 5.69 
0.26 
. aes ° ee oe 3.95 3.05 
Pancreas.... ‘ ‘ on 0.33 0.19 
Kidney........ naa én 0.45 
Genitals...... es saenees i 0.23 
Stomach and intestine....... we P . 6. 
Fae owen : 0.97 


It is true, that the diet must cause some slight rise in the metabolic 
rate above basal. Since most of the energy, however, is derived from 
fat with its very low specific dynamic action, this rise is negligible. 

The small amount of carbohydrate in the diet is compensated for 
by the decrease in glucose derived from protein consequent to the 
decrease in protein metabolism. 

Period of After Treatment.—Prolonged undernutrition has been 
advocated for rest of the weakened function of the pancreas. The 
disadvantages of this method have been pointed out. Its advocates 
believe that the resultant depression of the total metabolism stays the 


downward progress of the disease and even improves the carbohydrate 


24. Geyelin, H. R., and DuBois, E. F.: Case of Diabetes Mellitus of Maxi- 
mum Severity, J. A. M. A. 66:1532 (May 13) 1916. 
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tolerance in severe cases. It is undoubtedly true that the average dura- 
tion of life of the diabetic has been increased materially during the 
ast decade. It is impossible, however, to determine how much of 
this improvement has been due to undernutrition and how much to 
the increased interest in the disease, the more accurate measurement 
f the patient’s food and his more thorough instruction in dietetics, 
consequent to the brilliant animal experiments of Allen and the pains- 
taking clinical studies of Joslin. The demonstration that undernutri- 
tion is more effective in preventing downward progress and is more 
liable to improve carbohydrate tolerance than any other diet that keeps 
the patient aglycosuric has not been made. If it is true that a mainte- 
nance diet that will control glycosuria and acidosis will be as successful 
in the m&nagement of the disease as is undernutrition, it is apparent 
that the former is far more satisfactory than the latter. As has been 
pointed out, sufficient time has not elapsed for us to answer this 


TABLE 25.—Errect oF STARVATION ON Tora Metapotism (1N CALORIES) 
Day Percentile 
Fall on 
: Fifth Day 
1,845 76 732 54 


B. F. D. 22, pas a 2,103 
os eee - 2,174 
S. A. B. (IIT) # 766 1,772 776 6 


. : 2,102 11.0 
Cetti® SF... wc ‘ 1,618 7.1 


Average for periods 


question finally, but it is true that we have not as yet observed loss 
in tolerance in patients who have adhered to the diet as long as three 
vears. The statistical study of our patients does not show a decrease 
in the duration of life when compared with other patients who have 
been treated for the same length of time by undernutrition 


CONCLUSIONS 


\ diet of 900 calories derived chiefly from fat produces the same 
fall in basal metabolic rate as does fasting. It has advantages over 
fasting in that it is more successful in desugarization and is a far less 
langerous method. 

A low protein, low carbohydrate, high fat, maintenance diet fed a 
rge group of diabetic patients since March 1, 1918, maintained an 
25. Benedict, F. G.: A Study of Prolonged Fasting, Carnegie Inst. Wash- 

ngton, D. C., Pub. 103, 1914, p. 414. 
26. Landergren, Souden and Tigerstedt: Skand. Arch. f. Physiol. 7:54, 87, 
1897, 
27. Lehmann, C., and Zuntz, N.: Untersuchungen an Zwei hungernden 
Menschen, Arch. f. Pathol. Anat. 181: (Suppl.) 209, 1893. 
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aglycosuric state; was not attended by acidosis; maintained nitrogen 
balance; did not cause a hyperlipoidemia and was attended by its dis- 
appearance in those patients in whom it was present at entrance; 
supplied sufficient energy to avoid the evils of undernutrition and to 
permit an amount of activity compatible with earning a livelihood; 
and was, within the limits of our observation not attended by downward 


progress in uncomplicated cases. 





A STEM-STATURE INDEX 


H. GRAY, M.D. 


BOSTON 


The ratio of the stem-length, i. e., the sitting-height measured in a 
special and seemingly more accurate manner, to the stature is thought 
worth bringing to the attention of clinicians for the following reasons: 

1. The proportional sitting-height (100 Si — H) has an established 
value among investigators of growth in school children and, indeed, in 
general, among physical anthropologists. 

2. The absolute measurements of sitting-height and the similar stem- 
length have been shown in the last six years to possess a notable 
parallelism to the body weight.’* Some have even believed this 
correlation to be closer than of weight to height.’:* At least, it seems 
fair to urge those who take any measurements to include the stem- 
length. 

3. The relationship of body trunk to extremities has, in the last three 
years, increasingly been brought forward by American physicians in 
regard to endocrine disease, especially of the hypophysis. This rela- 
tionship may, in our opinion, be best expressed by a stem-stature index 
(A: H). Such a proposition has the following advantages: (a) sim- 
plicity, since fewer measurements are needed than with the existing 
methods to be cited; (b) speed, for the same reason; (c) accuracy, 
since of the measurements heretofore suggested the stem has the most 
definite landmarks and also is the least vitiated by carelessness of posi- 
tion on the part of the subject, as has been indicated elsewhere.*: ” 


THE STEM INDEX IN ENDOCRINE DISORDERS 


Before illustrating the possible utility of this proposition, it will 
be well to survey the methods advocated by others. 


1. Pirquet, C.: SitzhGhe und K6rpergewicht, System der Ernahrung II, 
Ztschr. f. Kinderh. 14:211, 1916. 

2. Dreyer, G.: Investigations on the Normal Vital Capacity in Man and Its 
Relation to the Size of the Body, Lancet 2:227 (Aug. 9) 1919. 

3. Gray, H., and Root, H. F.: Weight Prediction by the Formulae of Born- 
hardt, of von Pirquet, and of Dreyer, Boston M. & S. J. 185:28 (July 7) 1921 

4. Gray, H., and Walker, A. M.: Length and Weight, Am. J. Physical 
Anthropol. 4:231 (July-Sept.) 1921. 

5. Gray, H., and Edmands, G. H.: Indices of the State of Nutrition in Chil- 
dren, Am. J. Dis. Child. 23:226 (March) 1922. 

6. Gray, H.: Sitting-height and Stem-length in Private School Boys, ibid. 
23:406 (May) 1922. 
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In 1912, Cushing's authoritative monograph’ on the pituitary body 
affirmed that “the role of the hypophysis in growth is of primary 
interest.” Such measurements, however, as were there reported shed 
little light on the proportional trunk to limb ratio under discussion. 
(her writers, too, have evidently thought a ratio not worth considera- 
tion, but surely it is worth considering until it shall be either confirmed 
or condemned. 

In 1913, Friedenthal* displayed an elaborate geometric scheme. 
including the skull height, neck length and Rumpflange, which together 
he considered not very accurately equal to the sitting-height. If we 
add his figures we can get 53.7, 17.7, and 12.4 respectively, which total 
83.8 cm., and this divided by the average European height, 170 cm., 
yields 49 per cent. for an index. 

In 1913, Tandler and Grosz,® while discussing eunuchoidism, gave 
values for Unterlange, Oberlange, and height. As we have not dis- 
covered their technic we cannot compare their results strictly with 
others, but from the last two of their measurements we reckon an 
index (from their Figures 7, 8, 9 and 13) as varying from 41 to 45 
and averaging 43.5 per cent. This shows clearly the relative overgrowth 
of leg which they commented on in gonadal insufficiency. 

In 1916, Falta and Meyers *° talked of the upper length as distance 
vertex to symphysis pubis (here to be abbreviated VSY), and the 
lower length variously as (a) symphysis to heels, or (b) anterior 
superior spine to internal malleolus, or (c) anterior superior spine to 
the floor. No normal numerical index was there offered. In their 
Observation 33, a subject with dyspituitarism, values were given from 
which the ratio VSY:H may be calculated as 35 per cent., a value 
agreeing with modern ideas of long legs in anterior lobe hyperfunction 
such as acromegaly. 

However, the pubis is too movable a landmark, as we have shown 
previously.* This source of error receives support in a letter from a 
well known professor of neurology who has written on certain of these 
endocrine troubles. He says: “We do not believe that a few centi- 
meters make very much difference. The measurements are taken 


merely to get the general proportions.” In other words, he has noticed 
that the measurements as taken by some are apt to be a few centimeters 
in error. In fact, one of the papers cited gives lengths from 


7. Cushing, H.: The Pituitary Body, Philadelphia, 1912. 

&. Friedenthal, H.: Ueber Wachstum, Ergebn. d. inn. Med. 11:688, 1913. 

9. Tandler, J., and Grosz, S.: Die biologischen Grundlagen der sekundaren 
Geschlechtscharaktere, Berlin, 1913. 

10. Falta, W., and Meyers, M. K.: Ductless Glandular Diseases, Ed. 2, 
Philadelphia, 1916, p. 10. 
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vertex to pubis and from pubis to floor whose sum differs from the 
total height by at least 2.5 cm. in all of the four subjects reported, and 
in two of them by even 3.5 cm. Furthermore, the sum was greater 
than the height in two of the instances and in two was less, i. e., the 
error was not even constant in direction. Our own measurements to 
the symphysis have shown similar irregularities and, therefore, in our 
judgment bar the pubis as a landmark, convenient though it is to have 
the normal ratio an even 50 per cent. 

In 1919, Timme ® wrote: 

The bony structure in the first and second stages usually shows .. . 
anomalies in proportionate skeletal growth, i. e., legs too long for thorax or 
vice versa. My scale for this determination is a fraction with the numerator 
as the distance from the sternoclavicular junction to the anterior superior spine 
if the ilium of the same side, and the denominator the distance from the 
anterior superior spine to the external malleolus ; normally, this fraction is one- 
half—a larger one meaning too large a torso, while less than one-half repre- 
sents too long a leg; | call this ratio the torso-leg ratio 

In 1920, Engelbach ** and Tierney ** likewise figured a 50 per cent. 
torso-leg ratio, but with different landmarks. The upper measurement 
was taken from the top of the vertex, with the spine straightened out, 
to the top of the symphysis, with the patient in lying position. The 
“lower measurement” was taken from symphysis to sole. 

In each of two cases of thyroid deficiency this ratio was 50 per 
cent., 1. e., normal. 

In five cases of hypopituitarism the range was from 48 to 51, 
averaging 49.6 per cent. ; indicating slightly longer legs than normal. 

In two cases of hyperpituitarism the ratio came out 47 and 49, with 
an average of 48 per cent. This agrees with the usual expectation of 
long legs in acromegaly due to hyperprepituitarism. 

In one classical eunuchoid with ovarian insufficiency the ratio was 46 


per cent. This conforms to the principle noted by Tandler and Grosz 


and to the indices we have calculated above from their data. 
In 1920, Wilder ** discussed the difficulty of measuring leg length: 
“In the leg there is no definite landmark to use as the proximal limit 
It is usual to consider the head of the femur as marking 
this limit, but here the difficulty is that this feature lies too deeply for 
palpation, or even approximately locating it.” 


11. Timme, W.: A New Pluriglandular Compensatory Syadrome, M. Clinics 
N. America 2:963 (Jan.) 1919. 

12. Engelbach, W.: Endocrine Amenorrhea, M. Clinics N. America 4:665 
Nov.) 1920. 

13. Tierney, J. L.: The Basal Metabolic Rate in Endocrine Disturbance, 
M. Clinics of N. America 4:775 (Nov.) 1920. 

14. Wilder, H. H.: A Laboratory Manual of Anthropometry, Philadelphia, 


1920 
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Since these things are so for an expert, how much truer for us 
physicians who practice anthropometry only on the side? 

In 1921, Draper,*® in his turn, practiced still another rule. His 
trunk length seems to correspond to stem-length. His technic is not 
detailed in the published paper, but seems of likely interest to any one 
working on this problem and is therefore quoted from a letter: 


In answer to your questions I may say that I have been somewhat dis- 
satisfied in my own mind about the correctness of measuring the relation of 
trunk and body length by taking either the umbilicus or the symphysis as the 
point of division. I have been measuring as nearly as possible the actual length 
of the trunk and the actual length of the lower extremity. I have done this in 
the following way: By palpating the upper margin of the trochanter of the 
femur, and measuring from about a centimeter above this to allow for the 
slightly higher point of the head of the femur. From this I measure to the sole 
of the foot in one of two ways: either with the patient recumbent using an archi- 
tect’s T-square, hooking the cross piece under the foot and marking the 
trochanter point on the long arm of the T-square, or having the patient stand 
up against the wall and marking the trochanter point in the old-fashioned way 
against the wall. This gives the actual length of the lower extremity, at least 
in terms of its bone, which is what you are really after. In measuring the 
trunk I have felt that the actual information wanted was the distance from the 
tuberosity of the ischium (the point you really sit on) to the top of the head. 
This can be measured either by having the patient sit upon a hard stool with 
his back to wall or standing with his back to the wall and raising one thigh 
to the right angle position, then feeling for the tuberosity and making a mark 
on the wall; or you can do it also in a recumbent position with surprising 
accuracy by measuring from the same trochanter point used for the lower 
extremity measurement, to the top of the head. To this measurement must be 
added an average of ten or eleven centimeters because the acetabulum lies 
about that distance above the tuberosity. 

The contours about the waist, hip, and thigh are often very misleading and 
so-called apparently long-waisted individuals actually measure out the other 
way and vice versa. 


The normal torso-leg ratio he supposed to be about one to one. 

In. three cases of gonadal insufficiency which he reported, we figure 
the ratio as from 51 to 52, averaging 51.3 per cent., indicating rather 
short legs, which is contrary to the usual observations, as noted above. 

In two cases with hyperovarian disease the ratio was 53 and 54 
per cent. Here the short legs are what we should expect as the converse 
of Tandler and Grosz’s long legs in castrates. 

In 1921, Weisenburg and Patten’*® described a most systematic 
method for the investigation of pituitary disorders. For their torso-leg 
ratio, normally 1:2, as was the case with the different measurements 
of Timme, these writers took the distance from the suprasternal notch 
to the anterior superior spine (average, if different on the two sides), 


15. Draper, G.: Reversive Sex Phenomena, M. Clinics N. America 4:1345 
(March) 1921. 

16. Weisenburg, T. H., and Patten, C. A.: Methods of Investigation of 
Pituitary Disorders, M. Clinics N. America 5:759 (Nov.) 1921. 
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and from that spine to the internal malleolus. In their six dyspituitarism 
cases the ratio ranged from 45 to 67 per cent., with an average of 52, 
i. €., a surprisingly long torso. 

Krumbhaar,** in 1921, followed the same practice. The ratio in his 
cases of acromegaly (hyperprepituitarism) was 48 per cent., i. e., a 
typically short torso. 

Recently, Davenport and Love '* discussed still other landmarks: 
“The pubic height is important because it is almost exactly (perhaps 
35 mm. below) the level of the center of the acetabulum or the axis of 
the hinge of the femur . . ._ the length of the physiological leg.” 
Here, again, we wish to insist that the pubic height is unreliable unless 
measured in a position more firmly defined than we have been able to 
find in the literature. 


The “leg-length” . . . gluteal fold to internal malleolus . . . is not 
the physiological leg-length (and) is much less valuable . . . than the total 
leg-length as indicated by the height of the pubic arch. The leg-length may 
also be secured by subtracting the sitting-height from the total stature. 


These authors found the sitting-height about 53 per cent. of the 
total height, but laid no great emphasis on this ratio. Incidentally, this 
proportion differs strikingly from the 50 per cent. reported by most 
other observers. 

Blumgarten ** in 1922, like Falta and Meyers, took for the lower 
extremity the distance from the upper border of the pubis to the ground, 
and for the torso subtracted this distance from the height. In normals 
he found the torso less than the lower extremities. 

The only acromegalic subject of whom we ourselves obtained 
measurements yielded the A: H index of 55 per cent., which is atypically 
above the 52 per cent. which we show elsewhere to be normal. In other 
words, we found, like Weisenburg and Patten, that pituitary patients 
may have relatively short legs, contrary to what seems to be the rule, 
judging, for example, Falta and Meyers, Engelbach, Tierney, and 
Krumbhaar. 

Since writing the foregoing, a review of 150 titles, mostly case 


reports on pituitary disease or on giantism with or without acromegaly 
has revealed thirty-five articles containing measurements of trunk or 
extremities. In most instances there were no calculations of the ratio of 
the additional measurements to the stature, much less any normal index, 


17. Krumbhaar, E. B.: Pituitary Disorders, M. Clinics N. America §:927 
(Nov.) 1921. 

18. Davenport, C. B., and Love, A. G.: Army Anthropology, Statistics, 
Medical Department U. S. Army in World War, Washington, 1921, p. 199. 

19. Blumgarten, A. S.: The Roéle of the Endocrines in Common Medical 
Diseases, M. Clinics N. America 5:1023 (Jan.) 1922. and personal communi- 
cations. 
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and owing to the variety of landmarks which were used the possible 
conclusions were less conspicuous than they might have been had a 
uniform method been used. For the sake of greater completeness the 
references are grouped according to the extra measurement recorded.*° 


THE STEM-STATURE RATIO AND SIMILAR INDICES IN NORMALS 


A synopsis of the rival ratios may be seen in the table. For the 
sake of compactness the following abbreviations have been assembled 
from the literature, and are listed in dictionary order. 

C = cervicale, free end of the spine of the seventh cervical vertebra, 


the vertebra prominens ( Wilder). 
H = total height or stature. 
IS = iliospinale anterius, anterior ventral spine of the crest of the 


ilium, old terminology: anterior superior spine ( Wilder). 


20. Sitting Height—Virchow: Ztschr. f. Ethnologie 17:469, 1885. Ammon, 
O.: L’anthropologie 7:285, 1896. Papillault, G.: Bull. soc. d’anthrop., S. 4 10: 
426 (June 1) 1899. Pittard: Personal communication quoted by Roy, P.: These, 
Paris, Feb. 25, 1903, p. 75. Launois, P. E.. and Roy, P.: Rev. neurol. 10: 1054 
(Nov.-Dec.) 1902, and Nouv. Icon. 15:540, 1902, and Compt. rend. soc. biol. 
55:22 (Jan. 10) 1903, and Etudes biologiques sur les geants, Paris, 1904. 
Pittard, E.: L’anthropologie 14:463, 1903. Luschan: Ztschr. f. Ethnologie 35: 
479, 1903. Redlich, E.: Wien. klin. Rundschau 20:489 and 508 (July 1) 1906. 
Widal and Boidin: Bull. et mém. Soc. méd d. hop. de Paris, S. 3 22:740 (Oct. 
13) 1905. Levi, E.: Nouv. Icon. 21:297 and 441, 1908. Levi, E., and Franchini, 
G.: Nouv. Icon. 22:449 (Feb. 5) 1909. 

Great Trochanter to Ground.—Virchow: 1885, loc. cit. Brissaud, E., and 
Meige, H.: J. de méd .et de chir. pratique 66:49 (Jan. 25) 1895. Hutchinson, 
W.: Am. J. M. Sc. 110:190 (Aug.) 1895. Papillault, G.: Bull. et mém. Soc. 
d’anthrop., S. 5 3:393 (May 1) 1902. Buday, K., and Jansco, N.: Deutsch. Arch. 
f. klin. Med. 60:385 (June 16) 1898. Launois and Roy: loc. cit., 1902, 1903, 1904. 
Huchard, H., and Launois, P. E.: Bull. et mém. Soc. méd. d. hop. de Paris, 
S. 3 20: (Dec. 11) 1903. Levi: loc. cit., 1908. Thibierge, G., and Gastinel, P.: 
Nouv. Icon. 22:442 (Feb. 5) 1909. 

Great Trochanter to Malleolus—Papillault: loc. cit.. 1902. Wieting, J.: 
Deutsch. med. Wehnschr. 29:371 (May 21) 1903. Huchard and Launois: loc. 
cit. Duckworth, W. L. H.: J. Anat. & Physiol. 41:30 (Oct.) 1906. Pel, P. K.: 
Nouv. Icon. 19:76, 1906. Levi: 1908, 1909, loc. cit. 

Anterior Superior Spine of Ilium to Ground.—Fritsche and Klebs: Klin. u. 
pathol. anat. Untersuchungen, Leipzig, 1884. Marie, P.: Nouv. Icon. 1:173, 1888. 
Papillault: 1902. loc. cit. Luschan: 1903, loc. cit. Pel, P. K.: Berl. klin. 
Wehnschr. 42:25 (Oct. 30) 1905. Levi: 1908, loc. cit. 

Anterior Superior Spine of Ilium to Malleolus—Sainton, P.: Nouv. Icon. 
15:272, 1902. Hudovernig, C., and Popovits, U. P.: Nouv. Icon. 16:181 (May- 
June) 1903. Traschio, G. B.: Atti della soc. romana di antropologia 9:95, 1903. 

Iliac Crest to Ground—Virchow: 1885, loc. cit. Dana, C. L.: J. Nerv. & 
Ment. Dis. 20:725 (Nov.) 1893. Hutchinson, W.: New York M. J. 67:452 
(March 12) 1898. 

Top of Symphysis Pubis to Ground.—Tandler, J., and Grosz, S.: Wien. klin. 
Wehnschr. 24:277 (Feb. 27) 1908, and Arch. f. Entwicklungsmechanik 27:35 
(Jan. 12) 1909, and 30: Part II, 236 (June 14) 1910, and 29:290 (July 12) 1910. 
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A == stem-length, vertex to ischial tuberosities (Walker, Dreyer) 


Si = sitting-height ( Pirquet ). 
SPH = spherion, lowest point of internal malleolus (Wilder). 


SST = suprasternale, the middle of the suprasternal notch in the 


upper margin of the sternum (Wilder), called by others the jugulum, 


sternion, incisura sternalis. 


SY = symphysion ( Wilder), cephalad edge of middle of symphysis 


pubis 


TRO = trochanterion, a point of some uncertainty and never very 


precise. 
( Wilder). 


V = vertex ( Wilder). 
In our own series of eighty healthy men, aged 18 to 71 years, 
mostly 20 to 35, the index 100A = H ranged from 48 to 55 and averaged 


51.6 per cent. 


It is defined as the highest point upon the trochanter major 


The frequency of each index was as follows: 


100 A/H = 48-49-50-51-52-53-54-55 


NorMat Bopy 





Measurements 


(Sternoclavicular junction 
to IS) + (IS to external 
malleolus) 


(SST to IS) - 
(1S to SPH) 


(SST to IS + 


H.. 


(\ + TRO to sole)..... 


H.. 


H minus distance gluteal 
fold to SPH) + H 


TRUNK 


No. = 


INDICES 


ACCORDING 


3- 5-12-17-18-18- 5- 280 


To DirreERENT AUTHORS’ 


DEFINITIONS AND OBSERVATIONS 


Author 


Quetelet, 1871.. 


Gray and Walker, 1921 m 


Davenport and Love, 1921 


Timme, 1919 


Weisenburg and Patten, 1921 


Krumbhaar, 1921.. 


Friedenthal, 1913.... 


Davenport and Love, 1921 


Baldwin, 1971 


Gray, 12 


Draper, 1921 


Gray, 1922. 


Gray, 19% 


Davenport and Love, 19 


Percentage 
Material 


Range Average 


Belgians... 
wo. @ .. 
U. 8. soldiers 


is) 49 
48-52 » 
49.9-50.7 WO.5 


U.8 , ~” 


U.Ss 

0.6. 
German. 

U. 8. soldiers 
U. 8. children 
Age 6 

Age 13 

0. S. children: 
Age 6, 7.. 
Age 8 and 9 
Age 10 and 11 
Age 12 and 13 
Age 14, 15 and 16 
Age 17 and 18 


U. 8. children: 
Age 6and7 
Age 8 and 9 
Age 10 and 11 
Age 12 and 13 
Age 14, 15 and 16 
Age 17 and 18 
U.S. adults 


U. 8S. soldiers 
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THE STEM-STATURE INDEX AS A GAGE OF STAMINA 
IN VARSITY OARSMEN 


We have been interested in the belief credited to Ruschenberger of 
the U. S. Army by Hitchcock ** in 1893, that the length of the cerebro- 
spinal column may be more dependable than total stature in estimating 
physical vigor. Ruschenberger conjectured that, as a rule, men of 
average height made up of a long trunk and comparatively short legs 
possess greater endurance for labor and exposure to vicissitudes of all! 
kinds than men with comparatively long legs and short trunk. 

In order to illuminate this question, we hit on the notion of measur- 
ing men of superior sturdiness, irrespective of mere strength or beauty 
of build. Rowing men seem to us to fulfill this requirement. Among 
our eighty normals, therefore, are included thirty-six oarsmen,” nearly 
all measured at the Harvard crew quarters at Red Top in June, 1921. 
Their average index was 51.3, against 51.8 for the forty-four noncrew 
controls. The difference, 0.50, seems insignificant. However, such 
small differences are sometimes legitimately regarded as significant 
when analyzed by the modern biometric methods of Karl Pearson’s 
school. Now then the probable errors, 0.1679 and 0.1655, for the 
respective means (ml and m2) just given can be substituted in the 
formula: Pinjm2 == V(Pm)* + (Pz)? thus finding the probable error 
of the difference (P,,).,2) to be 0.236. Now the difference (ml-m2) 
of 0.50 is only 2.1 times this, its probable error, and is, therefore, hardly 
significant. In other words, stamina is apparently unrelated to a 
relatively long trunk. It is still possible that a larger series might show 
a difference 2.5 times the probable error, in which case the conclusion 
would be permissible that a man with relatively long legs is more apt 
to be a fit oarsman than a man with a long trunk—contrary to our 
original notion. 

SUMMARY ° 

The ratio of the stem-length (or the sitting-height) to the stature 
is thought to be worth consideration by clinicians. 

This stem-stature index and other torso-leg ratios are discussed with 
reference to skeletal anomalies in diseases of internal secretion. 

This A: H index is also tested as a possible measure of stamina. 


32 The Fenway. 

21. Hitchcock, F.: The Anthropometric Statistics of Amherst Coll., Quart. 
Pub. Am. Statistical Assn. 3:596 (Dec.) 1893. 

22. For the measurements on the crew men I am greatly indebted to Dr. 
George P. Denny. 





ALBUMINURIA: ITS CLINICAL SIGNIFICANCE 
SHOWN BY CHEMICAL STUDY OF 
THE BLOOD* 


HOMER COFFEN, M.D. 
PORTLAND, ORE. 


Although many tests of kidney function have come into prominence 
and waned to insignificance, albuminuria has long been a simple 
criterion of abnormality. But albuminuria is not a sure indication of 
damaged kidneys; for it may appear when these organs are normal, as 
in orthostatic albuminuria,’ or it may be absent in a wide spread 
degeneration of the kidneys, as in interstitial nephritis. Furthermore, 
as will be pointed out in this paper, albuminuria may be excessive 
from passive congestion of the kidneys, the primary difficulty being 
n the heart. When albuminuria is excessive and associated with 
oliguria and apparent uremia,” as a late event in arterial hypertension, 
or in circulatory failure, it may cause much apprehension; on the other 
hand, the absence of albumin in the urine may give a false sense of 
security. 

The nephroses of acute infection or resulting from focal infection, 
are associated with albuminuria,’ more or less severe; the damage may 
be transient, fulminating or permanent.‘ 


* Albuminuria as here referred to is associated with casts in varying abun- 
dance. Albuminuria resulting from pyonephrosis or inflammatory conditions in 
the urinary tract are not-considered, since their recognition is obvious. 

1. One observer estimates the frequency of orthostatic albuminuria as high 
is 19 per cent. in adolescents, many losing this tendency as they grow older. 

2. Attention is directed to uremic symptoms resulting from cerebral edema, 
the latter being due to circulatory changes largely, and disappearing on adequate 
cardiac stimulation, as shown in a woman, aged 52, who had been stuporous 
ind semicomatose for eight days with marked albuminuria and oliguria. Lum- 
bar puncture showed increased pressure and a high urea content of the spinal 
fluid. The removal of spinal fluid and stimulation for the dilated, uncompen- 
sated heart seemed to start recovery. She was well for five years and died of 
intercurrent carcinoma of the stomach; during this period there was very 
little evidence of kidney involvement. That edema of the brain may occur in 
uremia is stated by N. B. Foster (Uremia, J. A. M. A. 76:281 [Jan 29] 1921) 
as follows: “In its greatest severity edema of the brain occurs in but one 
type of uremia, that type in which stupor and coma without convulsions, with- 
ut psychic or motor disturbances, is the prominent nervous symptom.” For 
a clear discussion of uremia, as modernly understood, and cerebral edema, the 
reader is referred to Foster’s paper. 

3. George Baer and H. Lande (Glomerulonephritis as a Complication of 
Subacute Streptococcus Endocarditis, J. A. M. A. 75:789 [Sept. 18] 1920) 
report twenty-seven cases of subacute streptococcus endocarditis in which nine 
patients died of uremia due to intercurrent glomerular nephritis or its sequel, 
hronic diffuse nephritis. They found that scarlet fever, acute and chronic 
streptococcus angina and streptococcus endocarditis are frequently complicated 
by acute glomerular nephritis. 

(Footnote 4 on next page) 
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Nonnephritic albuminuria,’ including “physiologic,” “transient,” 
9? 66° 


“functional,” “adolescent,” “intermittent” and the albuminuria in preg- 





















nancy, etc., is a large group comparatively easy of detection. The differ- 
ence between physiologic and pathologic albuminuria is quantitative, 

not qualitative, and the term “albuminuria” implies that serum albumin 

. is present in the urine in such quantities that it can be detected by the 

h not very delicate tests accepted as standard (as the heat and acid test).° 






From the foregoing, it is readily seen that dependence on urinary 
findings alone leads to error. Furthermore, as stated by McLester, 
| many persons show albumin and casts in the urine for years, without 
- 

- 







any other signs of nephritis, while at the same time, they demonstrate 
their ability to withstand, without injury, all kinds of fatigue and hard- 
ships. Such people cannot be said to have nephritis. He also points out 











that chronic nephritis can be divided sharply into two groups; (1) the 











; type with edema, and (2) that without edema. The latter is not a 
: disease of the kidneys alone, for in the resulting disturbed physiology, 
ei other organs, notably the heart and arteries, play an equally important 
: i part; and in the last analysis it is the efficiency of these other organs 
: a which determines, as a rule, the fate of the patient. 

‘ti 

: 





RENAL FUNCTION TESTS 








Discussion of albuminuria leads to a consideration of renal function. 
In attempting to explain the albuminuria as seen in the cases cited below, 
i various methods which have been used in the last decade were reviewed 






: 4. Eli Moschowitz (Hypertension; Its Significance, Relation to Arterio- 
| sclerosis and Nephritis and Etiology, Am. J. M. Sc. 168:668 [Nov.] 1919) is 
7 of the opinion that gross injury of the kidney parenchyma perhaps plays the 

: greatest role in albuminuria of the acute infections, but that it (injury of the 

parenchyma) is not a factor of much importance in albuminuria associated 
with hypertension and also points out (ibid. p. 684) that albuminuria is not 
: ' necessarily the result of injury (even profound) of the kidney and that badly 

‘ diseased kidneys may show no albuminuria. 

5. R. L. M. Wallis (Nonnephritic Albuminuria, Proc. Roy. Soc. Lond 

Sect. Med. 13:96, 1920), in discussing proteinuria not due to organic disease 

of the kidney, including physiologic, transient and intermittent albuminuria, 

i; and a group he designates as “leaky kidneys,” points out that all ordinary tests 

: for albumin are for serum albumin. In the group under discussion, the chem- 

j ical examination of the blood shows no retention. Physiologic albuminuria is 

the result of serum albumin leaking through the kidneys, with excessive amounts 

of urinary constituents (after exercise, cold baths, alimentary causes, etc.) 

In functional albuminuria there is no relation to food or exercise as seen in 

adolescent, cyclic and postural albuminuria. A third group of “leaky kidneys” 

is a long standing proteinuria, and there is no evidence of kidney disease, or 

if present, it is not progressive. The chief protein in nonnephritic albu- 

minuria is euglobulin associated with lipoids. 

6. Emerson: Clinical Diagnosis, J. B. Lippincott, 1921, p. 224. 

7. McLester, J. S.: Treatment of Chronic Nephritis Without Edema, J. A 

M. A. 77:88 (July 9) 1921. 
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ind used to some extent. Methods using the urine alone as the object 
of examination were found to be disappointing, the chemical examina- 
tions of the blood along with a renal test diet being found most valu- 
able in determining the state of kidney function. 

Normal renal function depends so largely on the volume of blood 
passing through the kidneys, that they respond readily to blood flow and 
blood pressure. These organs differ from all other secreting glands in 
their intimate relation to the general circulation; a rise in blood pressure 
is accompanied by an increase in urine flow unless there is a simul- 
taneous vasoconstriction in the kidneys; and a fall in blood pressure ts 
followed in general by decreased urine flow unless the renal vessels 
are dilated. The determining factor is the capillary pressure in the 
glomerulus—not the general vascular pressure. 


8 


The modern view of secretion of the urine accepts Ludwig’s * scheme 
of filtration through the capsules and the “vital secretion” of Heiden- 
hain. Filtration is purely physical; reabsorption in the tubule requires 
a healthy cell. The function of the kidney is the filtration of non- 
colloidal constituents of the blood through the glomerulus and absorp- 
tion of this fluid through the tubule cells; the capsule furnishes fluid as 
it is the circulation and the tubule returns to the blood the fluid best 
adapted to the tissues,® allowing the rest to escape in the urine.*° 

Albuminuria may be produced experimentally by interrupting the 
blood supply by compressing vein, artery or ureter. If the artery is 
clamped for thirty seconds, secretion stops completely and is reinstated 
after an hour or so; the urine contains abundant protein at first and 
ultimately resumes its normal character. This is due to alteration in 
the permeability of the capsule by asphyxia so that it permits the passage 
of the proteins of the blood. 

Since the urine is the excretory product of renal activity, estimation 
of renal function has been attempted through urine tests. Estimation 
of urinary nitrogen, chlorids, diastase, urea, uric acid, the power of the 


kidney to eliminate foreign substances, cryoscopy, its electrical conduc- 


tivity, experimental polyuria, etc., have been disappointing, for the 


elimination of urine is complicated, depending on many factors beyond 

8. Cushny, A. R.: The Secretion of the Urine, London and New York, 
Longmans, Green and Co., 1917, p. 101. 

9. Cushny, A. R.: The Secretion of the Urine, New York, Longmans, Green 
& Co., 1917, p. 47. 

10. According to Cushny, casts are chiefly composed of albumin passing 
through the kidney capsule, enriched by the detritus of degenerating tubule 
cells, but Christian (Am. J. M. Sc. 161:625 [May] 1916) thinks they originate 
from degenerated epithelium, the granular being young and the hyaline older 
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accurate control, such as the state of circulation, food and fluid intake, 
and psychic and nervous conditions." 

Following the work of Schlayer ** and others who attempted clinic- 
ally to classify nephritis as tubular, glomerular and vascular (through 
the readiness with which water and lactose pass through the glomeruli, 
and potassium iodide and sodium chloride through the tubules), many 
attempts were made to make clinical and histologic nephritis conform. 
These have failed to give adequate information, and even Ambard’s 
coefficient (the relation between urinary and blood urea) is unsatis- 
factory because of these variable factors in urine elimination. Further, 
the disease process in the kidney is rarely confined to one structure, 
but is diffuse. 

The excretion of dyes (methylene blue, indigocarmine, phenol- 
sulphonephthalein, etc.), offers a simple clinical method of estimating 
renal activity, but here again one must bear in mind the many factors 


concerned in their elimination, and that prostatic obstruction or pas- 
sive hyperemia of the kidneys may produce a low excretion of these 


substances.?° 


11. The readiness with which the kidneys eliminate an excess of any urinary 
constituents is utilized in giving urea, 15 gm., while the diet is kept fairly 
constant and the rate and amount of excretion is measured as described 
by Addis, McCaskey, McLean and De Wesselow. Recently Weiss (Weiss, E.: 
The Urea Concentration Test for Kidney Function, J. A. M. A. 76:298 [Jan. 29] 
1921) has added to this the estimation of the blood urea nitrogen with a review 
of the literature. Uric acid has been used in the same way by Upham and 
Higley and Magath. More recently T. L. Squier and L. H. Newburgh (Renal 
Irritation in Man from High Protein Diet, Arch. Int. Med. 28:1 [July] 1921) 
have used high protein diets, attempting to obtain evidence in hypertension 
cases of disturbed kidney function by throwing an extra load on the kidneys. 
This was followed by albuminuria and casts and the presence of red corpuscles 
in the urine. There was no effect on blood pressure. 

12. Hedinger and Schlayer: Deutsch. Arch. f. klin. Med. 114:120, 1914. 

13. Thayer, W. S., and Snowden, R. R.: Comparison of the Results of the 
Phenolsulphonephthalein Test of Renal Function with the Anatomic Changes 
Observed in the Kidneys at Necropsy, Am. J. M. Sc. 148:781 (Dec.) 1914. 

J. H. Agnew (A Comparative Study of Phthalein and Incoagulable Nitrogen 
of the Blood in Cardiorenal Disease, Arch. Int. Med. 13:485 [March] 1914) 
stated that when phenolsulphonephthalein was below 40 per cent. the blood 
nitrogen was definitely increased. 

Rowntree and his co-workers (Rowntree, L. G.; Marshall, E. K., and 
Baetjer, W. A.: Further Studies of Renal Function in Renal, Cardiorenal and 
Cardiac Diseases, Arch. Int. Med. 15:543 [April] 1915) studied diastase, 
phenolsulphonephthalein, cryoscopy, total nitrogen and urea of the blood, finding 
diastase low in mild and severe nephritis. In cardiac and cardiorenal cases the 
findings were bizarre; phenolsulphonephthalein was then thought by them to be 
the test of choice, but “whenever phenolsulphonephthalein is decreased, even 
slightly, the total N or blood urea, or both, should be determined.” 
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Renal test diets as suggested by v. Monakow in 1911, Hedinger and 
Schlayer in 1914 and as modified by Mosenthal,'* Christian,*® O’ Hare ** 
and others offer simple clinical means of estimating renal function 
through measuring the concentrating power of the kidney. 

Mosenthal ** has now modified his former method based on the 
observations of Hedinger and Schlayer in 1914, using an American 
standard diet and only one day of measured diet, covering the period 
It is applicable to the ambulatory patients and 
The urine is collected at two hour 


of urine collections. 
allows usual food and routine. 
intervals, only one direction being insisted on, that the night urine 
be collected at a time beginning three hours after supper and no sooner. 

Normal renal activity is characterized by variations in specific 
gravity up to 1.020 in the two hour test. A high fixed gravity may be 
TABLE 1.—Renat Test Diet. Snowinc Variations 1nN Urine Ovrtpvt, 


Spectric Gravity, NITROGEN AND CHLoRIDS IN NorMAL (N) ANbD NEPHRITK 
(nepH) Urines (Arrer MosentTHAL) 








Renal Test Diet 
NW 


Amount, C.c. Specifie Gravity Sodium Chlorid,Gm. Nitrogen, Gm 
a —— A —— 


Normal Nephritic Normal Nephritie Normal Nephritie Normal Nephritic 


SS eee 


0-12 


4 
- 6 
i & 


Total day... 
Total night 


rota] 24 hours.. 


Balance 


815 
128 
1) 
122 
76 
100 
81 
248 
1,109 
1,760 


+650 


1m” 
wo 
on 
118 
BA 
390 
RBA 
1,280 


1.006 
1.014 
1.017 
1.020 
1.022 


1.017 
1.420 
1.0 
1.021 
1(e0 
1.006 


ae =) 3.86 
1.010 i 6.26 


10.12 
S™ a™® 


+008 1.& 


seen in normal persons because they take too little fluid, or may occur 
in disease characterized by edema and oliguria, as myocardial insuffi- 


ciency, acute or chronic nephritis. A low fixed gravity is found in 
‘hronic nephritis, diabetes insipidus, marked anemia, the elimination of 
edema, pyelitis, polycystic kidney, postatic hypertrophy, etc. Such 
patients do well as long as polyuria compensates for the lack of power 
to concentrate. The normal total quantity should be 400 c.c. less than 
the intake and 750 c.c. or less is secreted at night; a larger amount 
may indicate that the kidney is putting forth a greater effort than it 


14. Mosenthal, H. O.: Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen, and the Specific Gravity of the Urine, Arch. Int. 
Med. 16:733 (Dec.) 1915: ibid. 22:770 (Dec.) 1918. 

15. Christian, H.: Some Phases of the Nephritis Problem, Am. J. M. Sx 
151:625 (May) 1916. Tests for Measurements of Renal Efficiency in Relation 
to Prognosis in Nephritis, Penn. M. J. 21:233 (Jan.) 1918. 

16. O’Hare, J. P.: Renal Function in Vascular Hypertension, Boston M. & 
S. J. 132:345 (April) 1920. 
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normally should. This overstrain may cause damage if continued 
indefinitely. In passive congestion water and salt are diminished while 
the nitrogen remains approximately normal. In the contracted kidney 
nitrogen and salt are retained. Hypertensive nephritis is characterized 
by nocturnal polyuria, a tendency to total polyuria, fixation of specific 
gravity, fixation of two hourly quantity and retention of salt and 
nitrogen (Table 1). 

Another avenue of approach in the estimation of renal function is 
the chemical examination of the blood ** for retention of substances 
normally excreted by the kidneys, particularly urea, uric acid, and 
creatinin. Blood sugar may also be increased in interstitial nephritis.'* 
Since creatinin is readily excreted through the kidneys, urea less 
readily and uric acid least readily, it was shown by Meyers and Killian *” 


TABLE 2.—Tue Bioop in Nepueitic AND CarpIAcC ALBUMINURIA. SHOWING 
NorMAL Vatues For Nonprotetn Nitrocen, Urea, Uric Actp, CRreaATININ 
AND SUGAR AS COMPARED WITH FINDINGS IN Passive RENAL CONGESTION 
ok NepHRITIS AS SHOWN BY GeTTLER, GRADWOHL, Meyers AND FINE 





Nonprotein Urea Creat- 
Nitrogen, Nitrogen, inin, : » Sugar, 
Meg. Me Mg. Mg. Mg. 
Normal. - aa ; 25-40 10 15 : -3 0.08-4).11 
Gettler: 
Nephritis (600 cases). a Panes 40 460 20-275 2-4: + 0.075.375 
Cardiac (350 cases) sone ; ‘ 18-180 5-1: 2. 0.07 0.135 
Gradwohl: 
Nephritis (4 cases)...... . vin!) niet 21-108 5.99. 0.09 0.1388 
Cardiac (4 cases)... 1l- 16 2.4-3. 0.096-0.155 
Meyers and Fine: 
Se Sc ccicccccccccesesescsce - 1 53 : oseewes 
Uremic nephritis. - yeas 2 ne 80-300 -§ : 0.10.20 


that a marked retention of blood creatinin is of serious prognostic 
import. Upham and Higley *° and Magath * and others fed uric acid 
as a test of renal insufficiency. 


17. So much work has been done in this line in the last decade that it is 
hardly necessary to refer to the investigations of Folin and Dennis, Benedict 
and Lewis, Meyers and Fine and Christian and others who have opened the 
way for the clinical application of experimental physiologic chemistry. 

18. J. R. Williams and E. M. Humphreys studied fifty cases of cardiorenal 
disease, finding the blood sugar varying from 0.06 to 0.25 per cent., and vary- 
ing directly with the severity of the disease. (The Clinical Significance of 
Blood Sugar in Nephritis and Other Diseases, Arch. Int. Med. 22:537 [May] 
1919.) They quote Hopkins, who in 1915 studied twenty-six cases of nephritis, 
finding the blood sugar normal in only five; also Meyers and Bailey, who in 
1916 studied eleven cases, finding blood sugar from 0.10 to 0.20 per cent. 

19. Meyers, V. C., and Killian, J. A.: The Prognostic Value of Creatinin 
of the Blood in Nephritis, Am. J. M. Sc. 157:674 (May) 1919. Meyers, V. C., 
and Lough, W. G.: The Creatinin of the Blood in Nephritis: Its Diagnostic 
Value, Arch. Int. Med. 16:536 (Oct.) 1915. 

20. Upham, R., and Higley, H. A.: Study of Renal Concentration Power 
for Uric Acid in Early Chronic Interstitial Nephritis, Arch. Int. Med. 22:537 
(Sept.) 1920. 

21. Magath, T. B.: A Test for Renal Insufficiency, J. Lab. & Clin. Med 
6:463 (May) 1921. 
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While diseased kidneys interfere with the excretion of these sub- 
stances, causing them to be retained in the body,** passive renal conges- 
tion does not do so, as shown in the accompanying tables and case 


reports, and as pointed out by Gradwohl and Powell,?* Christian,** 


Williams *° and others (Table 2 


). 

From the foregoing consideration of various renal function tests, 
t will be seen that groping, tedious effort and painstaking accumulation 

laboratory data have at least given a clearer conception of the 
difficulties in establishing any one test for kidney efficiency. While 
most of the older methods of examination of the urine have been given 
up for reasons already cited, albumin and casts are easily found by any 
ne, and immediately arouse suspicion of disturbed renal activity ; they 
give a clue also as to the degree of this disturbance, but hardly of the 
extent of damage. 

One is often surprised to find that patients who at first suggest 
the “cardionephritis syndrome” are suffering more from circulatory 
weakness than nephritis, for oliguria, edema, excessive albuminuria, and 
even apparent mild uremia improve with improved circulation. Again, 
patients with arterial hypertension show “nephritic’” symptoms from 
time to time, which are due to myocardial weakness. 

In considering the cases studied from the standpoint of albuminuria 
the tollowing table is submitted for the differentiation of primary (or 
renal) from secondary (or extrarenal) albuminuria. 

1. Primary—With definite evidence of renal insufficiency and 
probable permanent damage (nephritis ).*° 

2. Secondary.—Due to extrarenal factors: (a) Nonnephritic albu 


minuria (physiologic, adolescent, functional, etc.), (6) in cardiac 


22. That nitrogen is not retained exclusively in the blood is shown by N. B 
Foster (The Increased Extract Nitrogen in the Tissues, with Chronic Nephritis, 
Arch. Int. Med. 24:242 [Aug.] 1919). 

23. Gradwohl, R. B., and Powell, C.: The Usefulness of Blood Chemistry 
Methods in the Differential Diagnosis and Cardiac and Renal Diseases, Southern 
M. J. 11:335 (May) 1918. 

24. Christian, H. A.: The Use of Renal Function Tests in Cases of Nephritis, 

Urol. 1:319 (June) 1917. 

25. Williams, J. L.: The Total Nonprotein Nitrogen Constituents of the 
Blood in Chronic Nephritis with Hypertension, Arch. Int. Med. 28:426 (Oct.) 
1921. Williams found that in hypertension and uremia the nonprotein nitrogen 
vas increased and phenolsulphonephthalein excretion decreased. Cardiac insuf 
fheiency without nephritis is associated with moderate retention of nonprotein 
substances of the blood, especially of uric acid. He says the presence of albumin 
ind casts do not necessarily suggest nephritis but that improvement in the cir 
ulation is accompanied by decrease in nitrogenous extract in the blood, 
especially of uric acid. 

26. C. P. Emerson (The Acute Element in the Nephropathies, J. A. M. A. 
77:745 [Sept. 3] 1921) considers that nephritis, when well established, is not 

chronic process but due to repeated acute attacks. In the albuminuria due 
to extrarenal factors, especially from passive congestion, it is conceivable that 
permanent damage may result from repeated attacks 
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decompensation with resultant passive congestion (oliguria, edema, 
uremic symptoms ). 
1. With valvular lesions (rheumatic, syphilitic, or sclerotic), with 
myocardial weakness and dilatation. 
2. Resulting from long continued vascular hypertension and final 
cardiac breakdown. 
DISCUSSION OF CLINICAL GROUPS 


In studying the results of functional tests, and especially of blood 
chemistry in patients having albuminuria, those with vascular hyper- 
tension form one group, and the others have been studied as a 
miscellaneous group. In the former, the following points stand out: 
(1) these patients at sometime or other show “cardionephritic” symp- 
toms. It will be seen that albuminuria varies greatly in the same 
patient, as do other evidences of renal embarrassment, and that there 
is often a definite relationship between cardiac breakdown and the 
nephritic symptoms (Table 3). (2) The predominating symptoms in 
hypertension express themselves as (a) cerebral,(l) cardiac, or (c) 
nephritic, appearing singly, or jointly. (3) In these patients, the 
chemical examination of the blood was of diagnostic value. 

Some of the hypertension cases have been seen more or less regularly 
over a period of years (from five to eight). Since making chemical 
examinations of the blood one has the impression of assurance of 
the true state of the kidneys which formerly was doubtful. 

Uric acid *” values have been high in some cases, as in 17 K (5.75), 
21 J L (5.75, 6.25 and 6.7) and 85 H (4.1), but at such times there 
was no particular change in the patient’s general condition. 

The alkali reserve was estimated in seven instances and was not of 
any particular help in the care of the patients. 

Blood sugar was not high, as a rule. Case 29 H showed 0.204 in 
September, 1919, but there was no glycosuria, while Cases 45 F (0.12) 
17 K (0.142 and 0.125) and 14 W (0.14) showed higher values than 
normal. 

REPORT OF CASES 

Hypertension Cases with Albuminuria (Table 3).— The following 
cases illustrate the points that have already been made; some are given 
at considerable length because they are typical of recurring albuminuria 
secondary to cardiac decompensation and resultant static changes 
(passive congestion) in the kidneys.?** 


27. All chemical methods were standard and done with the helpful advice 
of Professor Haskins of the Medical Department of the University of Oregon 
Blood was obtained in the morning, the patient fasting. 

27a. Measurements of enlarged heart are to left of midclavicular line. 
Quantitative albumin is in parts per thousand by Esbach’s method. 
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Case 1 (45).—History—J. F., aged 51, seen April 12, 1921, complained of 
increasing dyspnea and recent orthopnea. He had been aware of some short- 
ness of breath since a severe attack lasting several hours three years ago, when 
he ran up a long flight of stairs. For six weeks it had been more trouble- 
some, so that he could only walk two blocks when he had to stop and rest, and 
tor three weeks he had been unable to lie flat in bed, requiring three or four 
pillows. He had no digestive symptoms, edema or cough. He had not given up 
his business, which was mostly sedentary. 

Examination.—Moderate cyanosis, dilated heart (left border 5 cm. to the left, 
in the sixth space) with moderate systolic murmur at apex, transmitted to 
axilla, and a softer systolic murmur at the base was noted. There was moderate 
respiratory effort. Blood pressure, 210/135; pulse regular. Urine passed in the 
office showed excessive albumin, and many hyaline, fine and coarse granular and 
cellular casts, no blood. 

The picture was that of a cardiac breakdown assumed to be secondary to 
hypertension of some duration. The urine suggested nephritis and further study 

Treatment.—He was put to bed, given digitalis in sufficient dosage, and when 
seen two days later he was breathing easier and passing sufficient urine, and 
there was but a trace of albumin. The chemical examination of the blood is 
shown in Table 4, revealing practically normal values. From this and the gen- 
eral picture, it was assumed that the kidneys, while in all probability the seat 
of interstitial change, were embarrassed from insufficient circulation (chronic 
passive congestion). 


Blood Urie Creat- 

Date Pressure Urea Acid inin Sugar Gravity Casts 
April 12 210/135 os . eces ase 1.016 Many 
April 14 15 » A 14 0.12 1.010 Few 

2 1.17 0.11 1.010 Few 
3 2 0.10 1.012 Excessive Many 


May 2% § 14 2.62 
Ieee. 15 95/13 16 12 


Course —The course of the disease seemed to bear this out, for after six 
weeks of general supervision, he had less dyspnea, the heart borders were nearer 
normal, and he was able to walk eight blocks without distress. He had required 
frequent courses of digitalis for recurrent cardiac embarrassment. During these 
recurrences albumin increased. 

In the next five months he was up, and spending some time at the seashore, 
but with slight unusual effort cardiac symptoms recurred, always attended with 
increase in the evidences of renal embarrassment, but controlled by rest and 
digitalis. At one time, the heart dilated to the anterior axillary line, the liver 
became enlarged and tender, and slight edema appeared at the ankles. Decem- 
ber 18 he was again seen in decompensation, the left border of the heart being 
in the anterior axillary line, the apical murmur loud, and the liver swollen and 
undoubtedly pulsating. He was given digitalis to nausea; the pulse rate dropped 
to 40 per minute, and the pulse became bigeminal, improving gradually on with- 
drawal of the drug and without the use of atropin; polygrams showed heart 
block. The electrocardiograph was not available then. The urine was much 
decreased in amount, contained excessive albumin (3.5 gm. per liter in twenty- 
four hours’ urine), and there were numerous casts; indican was excessive, and 
urobilin moderate. He was definitely jaundiced, and the liver was four and 
one-half finger breadths below the costal margin. 

The course was steadily downward from this time to February 4, when he 
was mentally confused and so drowsy that he fell asleep while being examined 
There was marked cardiac dilatation with dyspnea and Cheyne-Stokes respira- 
tion, anasarca; enlarged liver. The urine had cleared up considerably, there 
being a moderate trace of albumin, and a moderate number of casts of all kinds 
He died two days later. 
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Comment.—This is primarily a case of heart disease throughout the 
linical course of nine months, with recurring nephritic symptoms, the 
latter cleared up with cardiac improvement. At no time until a few 
ays before death did a suggestion of uremia (drowsiness, mental con- 
usion) appear; these symptoms were assumed to be due to cerebral 
edema, since the urine output was sufficient and albumin and casts had 
decreased. The patient died of heart failure. There were never 
evidences of other cerebral insults. 

Albuminuria in this case seemed directly associated with cardiac 
weakness ; there were no evidences of retention in the blood. While 
albumin decreased on the second day after rest and digitalis had been 
instituted, the practically normal blood values gave a sense of security 
as to serious damage in the kidneys, and later observations bore this out. 


Case 2 (81)—History—C. S., aged 58, a farmer, complained of shortness ot 
breath for over a year, dating back to six years before when he overworked 
and was laid up with his heart for a month. The amount of twenty-four hour 
urine, he said, was about 1 quart. He was under a physician’s care three 
months before, when, after a few weeks in bed, he was so much better that 


TABLE 5.—Resvutts or EXAMINATION OF THE BLoop or C. S. (C 


Blood Urie Creat- Specific 
Pressure Urea Acid nin Sugar Gravity Albumin Casts 
155/125 . 1.020 Excessive Excessive 
1 125 15 2.75 1.9 0.089 1.010 Trace Few 
180/140 12.5 2% 2 0 083 1.018 Moderate Moderate 


he was able to take up light work on the farm. He had had increasing dif- 
ficulty with breathing, and much swelling of the legs for two weeks. 

Examination.—Slightly cyanotic, considerable respiratory effort. The heart 
was 6.5 cm. to the left of the midclavicular line in the sixth space, the sounds 
were distant, due to some emphysema; there were no murmurs; blood pressure 
155/125. The arteries were considerably thickened. The legs were markedly 
edematous, the swelling extending to the abdomen, and there was some ascites. 
Urine (office specimen) showed excessive albumin, excessive hyaline, large and 
small granular and few cellular casts, no urobilin 

Treatment.—He was put to bed, diet restricted, and given sufficient digitalis 
He had much nausea and vomiting for three days. The urine on the fourth 
day showed specific gravity, 1.010; trace of albumin; no casts found. The 
heart was compensating well, and with very little distress; there was but a 
faint trace of albumin, and no casts. Blood pressure, 170/90; pulse, regular; 
heart borders, 3.5 cm. to left of midclavicular line in fifth space. 

Course —Two weeks later there was some return of dyspnea and edema, and, 
ifter ten days of rest and occasional use of digitalis, he was up and about and 
steadily improving. Two months later, he had a cerebral hemorrhage with 
paralysis in the right arm and face. Blood pressure was then 180/140. Urine 
showed moderate albumin, moderate granular, and few cellular casts. He died 
in coma two days later. Result of chemical examination of the blood is shown 

Table 5. 


Comment.—Cardiac symptoms predominated until two days before 
death, when there was a cerebral hemorrhage. At first nephritic symp- 
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toms were prominent, but there was no particular blood retention and 
these symptoms improved with cardiac compensation. 


Case 3 (50).—History.—J. C., aged 50, seen first March 26, 1920, complained 
of occipital headaches for two weeks, which awakened him in the early morn- 
ing. Headaches formerly were occasional, but for the last few days had been 
constant and severe. For years he had been a hard worker in a responsible 
position as manager in a large paper mill. 

Examination.—Blood pressure was 225/150. The brachials were moderately 
thickened ; the heart was moderately dilated, but there was no edema or cyanosis. 
The urine showed a definite trace of albumin, with few casts. There were some 
infected teeth. 

Treatment.—Two weeks later, on restricted diet and rest, his blood pressure 
was 180/120, and the urine showed a faint trace of albumin; the headaches were 
less, and he was generally better. June 11 blood chemistry showed: urea, 10; 
creatinin, 2; uric acid, 2.92; sugar, 0.08. The urine showed definite trace of 
albumin, specific gravity, 1.018, and a few granular casts. 

Course—August 13 he had sudden dimness of vision of left eye, which was 
due to edema of the retina. His blood pressure was then 250/150, and remained 
high in spite of bed rest, diaphoresis, catharsis, etc. September 7, he complained 
of more headache and was having some anginoid pain in the precordium. In 
the next six weeks he improved considerably, and left for New York on a 
business trip where he developed acute pulmonary edema. He was seen by 
Dr. Frank Meara. After a time he went to Boston, and was seen by Dr. Locke, 
because he was having shortness of breath, and some edema of the ankles. 

His course was gradually downward from this time on, and he died in June, 
1921, of cardiac decompensation. 


Comment.—The symptoms in this case of arterial hypertension were 
primarily cerebral, and later cardiac. During the period of cardiac 
embarrassment, there was an increase in albuminuria. At no time were 
nephritic symptoms predominant. The blood chemistry did not indicate 
retention. 


Case 4 (71).—History.—G., aged 74, seen first June 12, 1920, complained of 
dizzy spells and weakness. 

Examination—Some respiratory effort; marked arteriosclerosis. The left 
border of the heart was 4 cm. to left of the -midclavicular line, in the sixth 
space, with showers of small rales at bases posteriorly. The urine showed 
0.2 per cent. albumin, with many fine granular and rare cellular casts. Blood 
pressure, 185/105. 

Course.—He made marked improvement on rest and digitalis, so that, within 
a month, the albumin decreased to a very faint trace. There were only a few 
fine granular casts. Blood chemistry, June 14: urea, 13.5; uric acid, 2.5; 
creatinin, 1.33; sugar, 0.083. 

Case 5 (6).—History.—J., aged 59, seen first May 12, 1920, had slight 
dyspnea on effort, flatulence, some mental confusion and amnesia. 

Examination.—This revealed: Heart 2.5 cm. to left of midclavicular line, in 
fifth space; soft, blowing, systolic murmur at apex. No marked evidences of 
cardiac embarrassment. Arteriosclerosis moderate. Blood pressure, 240/125. 
May 12. blood showed: urea, 11; creatinin, 1.16; sugar, 0.09. Urine showed a 
trace of albumin and a few granular and hyaline casts. 

Course.—At present, two years after first seen, he is up and about, showing 
progressive mental confusion. 
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Case 6 (17).—History.—Mrs. K., seen first Aug. 31, 1916, aged 65, had had 
several fainting attacks, especially while straining at stool. 

Examination.—Blood pressure, 280/150. Cerebral symptoms predominated, 
and increased gradually. The urine showed definite trace of albumin, and 
moderate casts, and the heart never gave any particular concern. In August, 
1919, she had a partial aphasia, mental dulness and amnesia. Her blood pres- 
sure was then 225/138. Blood urea, 25.5; creatinin, 2 and sugar 0.142. The 
urine showed no increase in albumin and casts. 

Course—In January, 1920, she had lobular pneumonia when albumin and 
casts increased in the urine, and the heart became dilated. Blood chemistry 
at this time showed: uric acid, 2.37; creatinin, 1.17. The blood pressure was 
240/135. Her heart gave no difficulty but she was more aphasic and amnesic. 
Blood urea was then 30.5; uric acid, 5.75; creatinin, 1.9 and sugar 0.11. The 
alkali reserve was 70. 

The fundi, at no time, have shown hemorrhage. 


Comment.—This patient has had predominating cerebral symptoms 
since 1914, is ambulatory, and has never, except during pneumonia, 
shown cardiac embarrassment or nephritic symptoms. The condition 
has been attributed to cerebral arteriosclerosis rather than to chronic 


uremia. 


Case 7 (21).—History.—J. L., was seen first April 19, 1914, aged 69, com- 
plaining of persistent headaches, and his physician had told him he had kidney 
trouble. 

Examination——He was then a sturdy appearing, well built man with ruddy 
face and a tendency to cyanosis. His blood pressure was 205/130. Heart bor- 
fers slightly increased, and some crepitant rales at the bases of both lungs. 
Urine showed definite albumin, and many, fine, granular casts. He was men- 
tally alert and normal. Peripheral arteries were moderately thickened. 

Course-——Up to May, 1919, he was seen at intervals, and much improved, with 
albumin appearing in faint traces or absent. At that time, he had an acute 
cardiac breakdown with much albumin and many casts, gradually improving 
during the summer. In September, his blood urea was 27, creatinin 4 and 
sugar 10. To August, 1921, he gradually showed mental confusion, some 
amnesia, and general feebleness, though he was able to be up and about, and 
cardiac and nephritis symptoms were not prominent. He then had another 
-ardiac breakdown following obstinate constipation. The blood showed high 
uric acid values in May and December, 1920, and August, 1921, and in September, 
1919, creatinin was high (4 mg.), but in August, 1921, it had dropped to 1.9. All 
this time his diet had been practically constant and restricted. 


Comment.—This man has been seen more or less regularly for 


eight years. His long continued hypertension has resulted in decreasing 


cardiac strength. On several occasions of heart decompensation, 
albumin and casts have appeared, disappearing with improved circula- 
tion. The kidneys have given no other cause of concern, though for 
nine months the urine has shown definite traces of albumin, and a few 
or moderate hyaline, granular or cellular casts. 

Case 8 (29).—History.—H., aged 51, was seen Sept. 28, 1919, complaining of 
shortness of breath and swelling of legs, for two months. Was passing less 


than a quart of urine daily. Digestion was normal. Recurring symptoms for 
ne and one-half years. 
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Examination.—He showed moderate cyanosis and marked dyspnea, with heart 
dilated to anterior axillary line and regular; systolic murmur at apex. Blood pres- 
sure, 195/125. Urine: specific gravity, 1.012; albumin, 0.35 per cent.; many 
hyaline and granular casts, and few cellular casts. Blood urea, 13.5; 
creatinin, 0.08 

Course. — Under treatment the symptoms improved somewhat, though the 
heart remained dilated, and albumin and casts persisted. The edema decreased 
October 21 the blood urea was 32.5; creatinin, 3.03, and sugar 0.0204. Urine 
showed more albumin (0.4 per cent.) and many hyaline, granular and cellular 
casts. He was then lost sight of, but died a few weeks later. 


Comment.—This patient’s symptoms were predominatingly cardiac, 
with obstinate renal embarrassment. The high sugar content of the 
blood is noteworthy though glycosuria did not appear. 


Case 9 (85).—History.—H., aged 50, was a typical “cardionephritic.” 

Examination—When admitted to the clinic his blood pressure was 195/120; 
orthopnea; slight edema; oliguria, and marked albuminuria were present, with 
heart dilated and decompensated. His course was steadily downward for six 
months, although for a time he improved under cardiac stimulation, rest and 
limited diet. 

Course —lJuly 3, six months after he was first seen, he again presented him- 
self, with marked edema, cyanosis, dilated heart with auricular fibrillation. His 
blood at that time showed: urea, 17.5; uric acid, 4.1; creatinin, 2; sugar, 0.11. 
The alkali reserve was 77. There was marked oliguria, excessive albumin 
and casts. July 10: urea was 15; uric acid, 3.25; creatinin, 1.5; sugar, 0.083 
Alkali reserve was 65. He died of heart failure a few weeks later. 

Case 10 (36).—History.—G., aged 69, complained of dyspnea and orthopnea; 
considerable cough and flatulence. 

Examination—Blood pressure, 185/105. Arteriosclerosis was marked; the 
heart was dilated 5 cm. to the left of midclavicular line and showed auricular 
fibrillation. Urine contained albumin, 0.1 per cent. The blood showed: urea, 22; 
creatinin, 1.95; sugar 0.07. 

Course —lIn the next two weeks there was some improvement, but he died 
suddenly. Necropsy showed marked myocarditis. 

Case 11 (20).—History.—H., aged 69, when first seen was semicomatose. For 
two months he had headaches on awaking, but for one week past was weak 
and had severe headaches, anorexia, and vomited the day before. 

Examination.—Blood pressure, 225/125; urine much decreased and showing 
excessive albumin (0.35 per cent.) ; many casts of all kinds. 

Course—That night he had three convulsions on the left side of the body, 
but, when seen the next day, was not paralyzed. Blood pressure had fallen 
to 160/118, with pulse regular but weaker and the heart moderately dilated. The 
blood, next day, showed extremely high values, as follows: Urea, 99; creatinin, 
74; sugar, 0.96. He died that night. 


Comment.—This was evidently a case of hypertension of some dura- 
tion seen near the termination of the disease when cerebral symptoms 
predominated. The high blood values showed serious retention. His 
heart, when first seen was fairly compensating. The clinical picture 
then suggested cerebral edema or uremia. 

Another case of cerebral edema simulating uremia or “cardio- 
nephritis” is the folowing: 
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Case 12.—History—Man aged 52, admitted to county hospital with some 
mental confusion and complaining of shortness of breath, cough and bloody 
sputum, was taken sick the day before. He had had heart trouble for about 
five months, saying that he got it by trying to save someone from drowning. He 
had swelling of the ankles for four or five years. Difficult to get history because 
of mental confusion. 

Examination—Much edema of the face and legs. The pupils were equal and 
reacted normally to light and accommodation. The heart area was increased, 
being about 2 cm. outside the left nipple line. The heart was irregular in 
force and rhythm and there was pulse deficit. The first sound at the apex was 
replaced by a blowing murmur. On account of obesity the outline of the liver 
was not made out but there was also edema of the abdomine! wall. Urine 
showed specific gravity, 1.014, albumin and hyaline and granular casts, two 
plus. 

Course —He became comatose, had involuntary urination and defecation, and 
died in two days. Patient was shown before a class of medical students and 
discussed as a possible case of cerebral edema rather than one of uremia. Blood 
chemistry the day before death showed: urea, 29; creatinin, 1.01. 

Necropsy Findings.—“Besides general edema there is an early gangrene of 
the toes of the right foot. The tips of the fingers are cyanotic and the hands 
are edematous. Two or three liters of amber colored fluid were found in the 


TABLE 7.—Urine Fixpincs 1x Case 13 








Day Urine Albumin Specifie Gravity 


Ce BEBe ce cccccccenes o 1.028 
BB @. Ws ce. ce “ ° ae Def. trace 1.014 
1:30 a. mM. ... soe Def. trace 1.04 
4p. m.... ; ; Def. trace 1014 
CE GE, acvstesces Def. trace 1.018 
DP BBs cco snctasse Def. trace 1.2 
10 p. m. (retired)... . Trace 1.024 
11:30 p. m 0 1.0 


peritoneal cavity. The bowel wall is watery. The lungs are markedly emphy- 
sematous in front, both pleural cavities contain about a liter or more of straw 
colored fluid. The pericardial sac is distended with amber fluid. In the right 
auricle, especially in the anterior wall and in the appendix there is a large 
grayish organizing antemortem clot which is adherent to the wall. There are 
vegetations on the mitral valve. Sclerosis of the vessels and of the heart are 
not marked. There is a large infarct in the posterior portion in the upper lobe 
The grayish antemortem embolus causing this infarct is found plugging one of 
the branches of the pulmonary arteries and there are multiple smaller infarcts. 
The whole lung is markedly edematous and congested. The left lung also 
shows several small hemorrhagic infarcts. The kidneys are of average size: 
the surfaces made by sectioning disclosed an hyperemia but no other gross 
changes. There is a marked edema of the brain. The pia arachnoid is raised 
high above the convolutions. There is no scarring of the meninges. The vessels 
at the base of the brain are moderately sclerotic but there is no evidence of 
thrombosis or softening in anv portion of the brain.” 


MISCELLANEOUS GROUP 


Case 13 (92) —History—R., aged 18, case of orthostatic albuminuria 
(Table 6). who had been refused admission to Annapolis on account of albu- 
minuria. Never ill, nor conscious that anything was wrong. Table 7 shows 
albumin present only in the day urine 

Course.—The albuminuria was uninfluenced by diet and exercise, and repeated 
examinations showed no albumin in the urine passed on arising. The two hour 
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test diet was normal. The phenolsulphonephthalein output was 55 per cent. in 
two hours. Blood chemistry showed: urea, 12.5; uric acid, 2.5; creatinin, 1; 
sugar, 0.10. Alkali reserve, 78. This patient was later admitted to Annapolis. 
Case 14 (64).—History.—R., aged 30, printer, case .f orthostatic albuminuria, 
never knew he had albumin until he failed to pass the physical examination for 
e army. Repeated examinations of the urine showed trace of albumin and a 


few granular casts in spite of low protein diet, and not modified by exertion. 
Blood chemistry showed: urea, 10; uric acid, 1.25; creatinin, 2; sugar, 08. 


Two hour test practically normal. Phenolsulphonephthalein output, 60 per cent. 
\lbumin was present only when patient was upright. In neither case was there 
any evidence of polycythemia as noted by F. Eichenberger.* 

These two cases of albuminuria showed normal blood values and 
the effect of posture on the albuminuria. Ludwig Jehle,” in 1913, 
showed the effect of lordosis and kinking of the ureter in producing 
this phenomenon. Barker and Smith *° reported six cases, finding that, 
if the patient stood in an exaggerated lordotic position for one half 
hour, albumin and casts appeared in the urine. Sonne catheterized the 
ureters in his patients, and found typical orthostatic albuminuria in the 
left kidney only, giving the explanation that the vertebrae compress the 
renal vein. More recently W. and S. L. Rieser,** show that the aorta, 
or mesenteric artery, acts as pincers of the left renal vein. These become 
operative when the aorta is projected forward by lordosis, or when the 


mesenteric artery is pulled to tautness by visceroptic tug from the 


mesocolon. 


Case 15 (83).—McD., bichlorid poisoning: seen in coma. Had passed no 
urine for forty-eight hours. Blood showed extremely high values as follows: 
urea, 110; uric acid, 8; creatinin, 7.5; sugar, 0.17. Died within a few hours. 

Case 16 (67).—S., aged 28; syphilitic nephritis; albumin, 4 per cent.; many 
asts. Phenolsulphonephthalein, 39 per cent.; blood showed: urea, 12.5; uric 
acid, 1.88; creatinin, 19; sugar, 0.1. The test diet was given with the fol- 
lowing results: 


Volume, C.c. Specific Gravity 

165 1.010 
330 Los 
210 1.012 
1 1.016 
1% 1M7 
120 1.01¢ 

1,125 
135 


The albuminuria disappeared on specific treatment 

Case 17 (23).—C., aged 45; chronic parenchymatous nephritis; had had 
ephritis for eighteen years, with occasional relapses. Four years before had 

28. Parkes Weber: Polycythemia, etc. New York, Paul Hocber, 1922, p. 11 

29. An Explanation of Orthostatic Albuminuria, Editorial, J. A. M. A. 77: 
127 (July 9) 1921 

30. Barker, L. F.. and Smith, J.: Functional Renal Tests in Orthostatic 
\lbuminuria, Am. J. M. Sc. 141:44, 1916 

31. Rieser, W.. and S. L.: Etiology of Orthostatic Albuminuria, J. A. M. A 
78:64 (March 4) 1922. 
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albuminuric retinitis. Blood pressure varied between 210 and 110. In July 
1918, was seen with anuria for forty-eight hours, and profuse purpura on the 
arms and legs, and marked hematuria. For six months she had been gradually 
failing; albuminuria had been excessive, there was marked edema, hydrothorax 
and ascites. Blood chemistry showed: urea, 42.5; uric acid, 2.5; sugar, 0.11 
She was too sick to have a test diet, and died within a month. 

Case 18.—S., aged 62; acute focal nephritis. This patient was seen during 
an attack of acute tonsillitis with fever. Her blood pressure was 125/100. 
Heart negative. Urine showed trace of albumin and few hyaline and granular 
casts, but ten days later, there was oliguria, some edema of ankles and lower 
eyelids, and the urine showed a definite trace of albumin, hyaline and granular 
casts and red corpuscles. There was no urinary calculus, and pyelitis and 
pyelonephrosis were ruled out. The test diet was as follows: 








Volume, C.c. Specific Gravity 
1.008 
1.014 
1.008 
1.014 
1.008 
1.005 


ik kbiscecctcscvac 
Total night, 10/8... 


Within a few weeks nephritic symptoms had all disappeared, and when 
seen three months later, she was entirely well. 

Case 19.—Mrs. M., aged 23; cardiac decompensation; had been in bed for 
six weeks with cardiac decompensation. Left border of the heart 1% inches 
to the left of midclavicular line, with mitral insufficiency and stenosis. The 
liver was four finger breadths below the costal margin, and tender, marked 
edema of ankles, face, eyelids and buttocks. Albumin, 0.6 per cent.; many hyaline 
and granular casts. The two hour test was as follows: 








Volume, C.c. Specifie Gravity Nacl 
1.012 
1012 
1.012 
1.016 
1.008 
1.012 


Tota! day.. _ ‘ 
Total night... ninoncel : 1.011 


Case 20 (41).—S., aged 12; nephritis with edema; had been in bed for some 
time before, with edema for last seven weeks. Urea, 52.5; uric acid, 6.25; 
creatinin, 3.99; alkali reserve, 0.22. Patient died three weeks later. 


CONCLUSIONS 
1. Albuminuria as described may not be due to serious damage in 
the kidney and may even be excessive from extrarenal factors. Passive 
congestion of the kidneys occurs not only in cardiac breakdown due to 
valvular insufficiency but may be a result of long continued heart strain 
from arterial hypertension. 


2. Albuminuria occurs so frequently as a part of the clinical picture 
of arterial hypertension that these cases form a large group in the 
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patients studied. While chronic interstitial nephritis is assumed to 
e present, the “renal crisis” is often due to myocardial weakness and 
results in passive renal congestion. 

3. In a miscellaneous group, two cases of orthostatic or postural 
albuminuria are cited. Renal function tests show no marked disturbance 

the kidneys. 

4. But few cases of primary nephritis are recorded because not 
many were encountered. 

5. Of the various functional tests, those using the urine are dis 
appointing. The chemical examination of the blood seems to offer a 
means of early differentiation between renal or extrarenal albuminuria 
rhe test diet for fixation of specific gravity, and for the estimation of 
chlorid and nitrogen excretion and water output also gives an early 
clue of renal function. 

6. The term “cardionephritis” seems a misnomer in view of the fact 
that the nephritic symptoms may be largely due to congestion and not 
to extensive renal damage. 

7. Efforts to make clinical and pathologic nephritis conform still 
fail because of the complicated mechanism of renal secretion 


8. Attention is called to the predominating symptoms in vascular 
hypertension. Sooner or later every patient shows singly or jointly 


a) nephritis (b) cardiac or (c) cerebral symptoms. 
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CLINICAL EXPERIENCE WITH QUINIDIN * 


C. SIDNEY BURWELL, M.D., ann FRANCIS R. DIEUAIDE, M.D. 


BALTIMORE 


During the past year in this country and for some time previously 
abroad, there has been great interest in the restoration of normal 
mechanism by the action of quinidin sulphate in cases of auricular 
fibrillation. The present series of sixteen cases has been studied with 
special reference to the improvement in efficiency of the circulation 
following restoration of the normal rhythm, as judged by various 
subjective and objective criteria. Obviously, the fact that auricular 
fibrillation can be terminated is of little significance unless the health 
of the patient is thereby improved. 

In general, the following routine of treatment was employed: The 
circulation was brought to the highest efficiency possible by rest, and 
in most cases by thorough digitalization. Two patients who had 
slow cardiac rates with no pulse deficit, cyanosis or edema, and whose 
only signs of cardiac insufficiency were dyspnea and limitation of 
activity, were not given digitalis. In the other cases, digitalis was 
stopped before the administration of quinidin. A small preliminary 
dose’ of quinidin sulphate was given to test for idiosyncrasy to the 
drug. No case of hypersensitivity was discovered. Then 2.0 gm. was 
administered daily in five doses of 0.4 gm. each at two hour intervals. 
This dosage was employed in order to maintain a high concentration 
in the body. It was continued until the cardiac mechanism became 
normal, or until unfavorable signs appeared, or until it became evident 
that the rhythm could not be changed. In one case 19 gm. of the 
drug was given. No untoward effects, except headache and an increase 
in the number of stools, were observed. 

All observations on the mechanism were confirmed by electrocar- 
diograms. The average systolic blood pressure during fibrillation was 
determined by the method of James and Hart.’ The vital capacity 
is expressed in percentage of the normal, calculated according to the 
formula of West.? 

* From the Cardiographic Laboratory of the Johns Hopkins University and 
Hospital. Presented in abstract by title before the American Society for 
Clinical Investigation, Washington, D. C.. May, 1922. 

1. James, W. B., and Hart, T. S.: Am. J. M. Sc. 147:63, 1914. 


2. West. H. F.: Clinical Studies on Respiration; Comparison of Various 
for Normal Vital Capacity of Lungs. Arch. Int. Med. 25:306 (March 
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CASE REPORTS 


Case 1—Arteriosclerosis. Auricular Fibrillation. Myocardial Insufficiency. 
-Male, aged 49. No history of acute rheumatic fever or syphilis. Scarlet 
fever at 12. Onset of cardiac symptoms four months before admission, with 
recordial pain and rapid development of palpitation, dyspnea and edema. On 
admission signs of congestive heart failure: cyanosis, orthopnea, edema. Large 
art; no sign of valvular disease. Rhythm totally irregular. Pulse deficit 

m 10 to 12. Peripheral arteriosclerosis. Wassermann reaction negative. 
The signs of congestive heart failure disappeared with rest and thorough 
ligitalization, but the patient remained unable to leave his bed without rapid 

appearance of symptoms of cardiac failure. 

Case 2.—Arteriosclerosis. Hypertension. Auricular Fibrillation. Myocardial 

sufficiency.—Female, aged 63. No satisfactory history of any acute infection. 
Onset of cardiac symptoms three years before admission with palpitation, 
lizziness, and edema of ankles. Symptoms slowly progressive with periods 

elatively good health. On admission obesity, edema of ankles and of lung 
ises. Large heart. No evidence of valvular damage. Rhythm totally irregu- 
Pulse deficit 4. Peripheral arteriosclerosis. Wassermann reaction nega- 

ve. Moderate improvement with rest in bed and digitalis. 

Cast 3.—Arterioselerosis. Emphysema. Auricular Fibrillation. Myocardial 

sufficiency—Male, aged 77. No definite history of any acute infection. Patient 
noticed irregularity of pulse about three years before entrance. Anorexia 
and nausea only symptoms of cardiac insufficiency. On admission showed no 
lyspnea. Marked cyanosis. Slight edema of legs. Numerous rales at lung 
bases. Liver enlarged. Large heart. No sign of valvular disease. Rhythm 
totally irregular. No pulse deficit. Peripheral arteriosclerosis. Wassermann 
reaction negative. No digitalis given. 

Case 4.—Rheumatic Heart Disease. Mitral Disease with Stenosis. Avuricular 
Fibrillation. Myocardial Insufficiency—Female, aged 48. Acute rheumatic fever 
at 34. Slight dyspnea for ten years. Nine months before entrance marked 
dyspnea and anorexia with*great limitation of activity. Pulse irregular at 
that time. Digitalis for some time before admission without significant change 
On admission slight cyanosis; many rales at lung bases. Heart large. Dias- 
tolic murmur at apex. Rhythm totally irregular. Pulse deficit 26. Liver 
nlarged. Wassermann reaction negative. 

Case 5.—Rheumatic Heart Disease. Mitral Disease with Stenosis. Awricular 

brillation. -Myocardial Insufficiency.— Female, aged 38. Acute rheumatic 
ever at 8. Scarlet fever before 14. Onset of heart failure eighteen months 
efore entrance, with dyspnea and nervousness. Shortly before entrance devel- 
ped palpitation, precordial pain, edema and excessive fatigue. Digitalis did 

relieve these symptoms. On admission showed slight cyanosis and rales 
right lung base. Large heart. Mid-diastolic murmur at apex. Rhythm 
tally irregular. Pulse deficit 12. 





Case 6.—Rheumatic Heart Disease. Mitral Disease with Stenosis. Auricular 
illation. Myocardial Insufficiency.—Male, aged 58. Acute rheumatic fever 
43. Onset of cardiac symptoms two years before present entry with a 
nsient attack of rapid irregular heart action, dyspnea, weakness and edema 
f ankles. Hospital history at that time records irregularity with pulse deficit 
from 17 to 24. Constant administration of digitalis was necessary to 
ble him to carry on light work. On this admission slight cyanosis, slight 
spnea, no edema. Large heart. Apical systolic murmur; no diastolic heard. 
Subsequently, after the onset of normal mechanism, a rough presystolic mur- 
ir was evident.) Rhythm totally irregular. No pulse deficit. Wassermann 
iction negative. 
Case 7.—Exophthalmic Goiter. Auricular Fibrillation. Myocardial Insuffi- 
~y—Male, aged 58. Scarlet fever and tonsillitis in youth. Onset of symp- 
s of hyperthyroidism seven years before entrance. Four operations on 
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thyroid. Pulse totally irregular for one week following one of these. For six 
years patient had dyspnea and palpitation. For three weeks before entranc« 
orthopnea and edema of ankles. On admission he showed recurrent thyroid 
enlargement, marked exophthalmos and tremor. Orthopnea. Cyanosis. Mod- 
erate general edema. Heart large. No sign of valvular disease. Rhythm 
totally irregular. Pulse deficit of 58. Wassermann reaction negative. Rapid 
rate and large deficit persisted despite rest and digitalization. 

Case 8.—Arteriosclerosis. Emphysema. Auricular Fibrillation. Myocardial 
Insufficiency.—Male, aged 57. No satisfactory history of acute infections. Onset 
of cardiac symptoms two years before admission with dyspnea. Incapacitatior 
for eight months. On admission dyspnea, cyanosis, edema. Emphysema. 
Peripheral arteriosclerosis. Large heart. No evidence of valvular diseas« 
Rhythm totally irregular. No pulse deficit. Wassermann reaction negative 
Slight improvement after rest and digitalis. 

Case 9.—Rheumatic Heart Disease. Auricular Fibrillation. Myocardia 
Insufficiency (Slight).—Male, aged 29. Periapical abscesses, tonsillitis and ton- 
sillectomy one year before entrance. No acute rheumatic fever. Excessive 
fatigue. Slight dyspnea and indigestion for three years. On admission m 
dyspnea, cyanosis or edema. Heart slightly enlarged. First sound roughened 
Rhythm totally irregular. Wassermann reaction negative. Digitalis not given 
About ten weeks after discharge with normal rhythm the patient began to 
have palpitation and excessive fatigue again. His pulse was found to be totally 
irregular and he was readmitted in the same condition as on first entrance 
for a second course of treatment. 

Case 10.—Arteriosclerosis. Emphysema. Auricular Fibrillation. Myocardia! 
Insufficiency —Female, aged 73. No satisfactory history of any acute infection 
Onset of cardiac symptoms one year before admission with dyspnea, cough 
edema. An electrocardiogram made four months before admission showed 
auricular fibrillation. On admission emphysema. Peripheral arteriosclerosis 
Heart large. Systolic murmur at apex; diastolic at base. Rhythm totally 
irregular. No pulse deficit. Wassermann reaction negative. Rest and digitalis 
did not change the patient’s condition. 

Case 11.—Syphilis. Emphysema. Arteriosclerosis. Auricular Fibrillation 
Myocardial Insufficiency. Hydrocele-—Male, aged 58. Frequent tonsillitis in 
youth. Onset of cardiac symptoms with dyspnea ten years before entrance 
Incapacitation for five years. On admission cyanosis, dyspnea, orthopnea 
edema, obesity. Marked emphysema; heart large. No evidence of valvular 
disease. Rhythm totally irregular. No pulse deficit. Peripheral arterioscle 
rosis. Liver enlarged. Wassermann reaction positive. Gross signs of con 
gestive heart failure disappeared with rest and digitalis 

Case 12.—Rheumatic Heart Disease. Mitral Disease with Stenosis. Auriculay 
Fibrillation. Myocardial Insufficiency.—Male, aged 60. No history of any acut: 
infection. Symptoms of heart failure for fifteen years. Palpitation, dyspnea 
anorexia, vomiting, edema. Two attacks of unconsciousness followed by 
aphasia. On admission marked dyspnea, rales at lung bases, large liver 
Heart large. Diastolic murmur at apex. Rhythm totally irregular. Marked 
peripheral arteriosclerosis. Wassermann reaction negative. Deficit of from 
6 to 10 persisted despite digitalization with reduction of heart rate to 65 

Case 13.—Rheumatic Heart Disease. Mitral Disease with Stenosis. Auricular 
Fibrillation. Myocardial Insufficiency—Female, aged 54. Repeated tonsillitis 
in childhood. Onset of cardiac symptoms five years before entrance, wit! 
palpitation and shortness of breath. Three years before entrance rapid irregular 
heart action with increasing dyspnea. Intermittent progression of symptoms 
On admission obesity, cyanosis, dyspnea. Rales at lung bases. Heart larg: 
No murmurs. Rhythm totally irregular. Pulse deficit 30. Wassermann reac- 
tion negative. Moderate improvement followed rest and digitalis. 
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Case 14.—Rheumatic Heart Disease. Mitral Disease with Stenosis. Auricular 

rillation. Myocardial Insufficiency—Female, aged 22. Repeated tonsillitis 
efore 11. Admitted to hospital at 11 with tonsillitis, rheumatic heart disease, 
pericardial effusion, auricular fibrillation and signs of congestive heart failure. 
fhe patient established a fair degree of cardiac reserve but was readmitted 
ne years later with marked failure, from which there was a good recovery. 
he patient has constantly taken digitalis. On admission she showed slight 
dema. Large heart. Diastolic apical murmur. Totally irregular rhythm. 
Pulse deficit 8. Wassermann reaction negative 

Case 15.—Rheumatic Heart Disease. Mitral Disease with Stenosis. Auricular 
Fibrillation. Myocardial Insufficiency—Male, aged 45. No history of acute 
heumatic fever or syphilis. Long history of ill health. Onset of cardiac 
mptoms (dyspnea, vertigo, frothy sputum) one year before present entry. 
-lectrocardiogram at that time showed auricular fibrillation. On admission 
lvspnea and cyanosis, no edema. Large heart. Middiastolic murmur at apex. 
Rhythm totally irregular. Pulse deficit 10. Wassermann reaction negative. 
Constant administration of digitalis was necessary to prevent incapacitation. 
Withdrawal of digitalis during administration of quinidin was followed 
promptly by serious congestive heart failure. 

Case 16.—Rheumatic Heart Disease. Mitral Disease with Stenosis. Auricular 
Fibrillation. Myocardial Insufficiency —Male, aged 39. Repeated sore throat 
Onset of cardiac symptoms two years before admission with syncope, dyspnea, 
and gastro-intestinal symptoms. Dyspnea grew slowly worse. On admission 
yspnea at rest and cyanosis. Rales at lung bases. Heart large. Low pitched 
iastolic apical murmur. Rhythm totally irregular. No pulse deficit. The 
atient was still bedridden after rest and digitalis 


COM MENT 


lable 1 summarizes the results of our observations. Examination 
of this table shows that of sixteen patients studied, fourteen (88 per 
ent.) responded to the administration of quinidin by reverting to the 
normal mechanism. The average amount of the drug given to produce 
this result was 3.26 gm., the limits of variation being 0.4 gm. and 10.0 
gm. This means that rhythm in most cases became regular on the 
second day of treatment, while the longest time which elapsed during 
successful treatment was five days. Of the fourteen patients in whom 
rhythm became regular, normal rhythm has persisted in eight: Six 
patients have had a normal rhythm for six months or more. The eight 


‘tients in whom rhythm became presistently regular all showed a 


remarkable improvement, both subjective and objective, while none of 


the remaining six who soon reverted to auricular fibrillation showed 
nprovement with the onset of normal mechanism. This observation is 
vreat interest because it points strongly to a close correlation between 
the severity of myocardial damage and the persistence of auricular fibril 
lation. It is, however, noteworthy that there has been no close corre!a- 
tion between the degree of heart failure and the success of quinidin 
treatment. 
Conclusions as to the relation of the various etiologic factors, the 


luration of cardiac symptoms, and the age of the patient, to the success 
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of the treatment are not warranted in a series so small. Of great 
interest, however, is the success with which a very severe and long- 
standing case of thyrotoxicosis was treated. 

With regard to the criteria of improvement, in addition to the 
subjective improvement which was experienced by all patients who 
became persistently regular, we have noted that they have been able 
to live at a considerably higher level of activity than was possible 
previously. Moreover, there has been consistently a rise in the vital 
capacity and systolic blood pressure of these patients. Determinations 
by Dr. Harold J. Stewart * of the degree of oxygen saturation of the 
irterial and venous blood further demonstrated a circulatory improve- 
ment in most of these patients. 

Table 2 is a compilation of the cases of auricular fibrillation treated 
with quinidin which are reported in the literature, of which the total 
is now over 600. Normal rhythm was restored in more than 50 per 
cent. of these pgtients. Reports of patients treated with quinin have 
not been included: 

Accidents —There was a fatal outcome during the hospital course 
in three of the cases in this series. Unfortunately, two of these deaths 
seem to be associated with the change in rhythm which followed the 
\dministration of quinidin. 

Shortly after reverting to normal mechanism for the second time, 
the patient reported as Case 13 ** showed signs of renal insufficiency 
which were not previously present. Two days after the onset of normal 
mechanism she again relapsed to auricular fibrillation. The urine 
output fell almost to zero and examination of the blood showed increas- 
ing nitrogen retention. The patient had repeated convulsions and died 
five days after the onset of these symptoms. Necropsy revealed the 
presence of a friable thrombus in the left auricle. A large proportion 
of each kidney showed anemic infarction and surrounding hemorrhage. 
There was also infarction of the spleen and embolism of the abdominal 
aorta at its bifurcation. The brain showed a fresh clot over the right 
cerebral hemisphere. There was a moderate degree of mitral stenosis. 

There was no change in the subjective condition of the patient 
reported as Case 14 after her pulse became regular. About twelve 
hours after the onset of normal mechanism she suddenly sat up and 
immediately thereafter fell out of bed and was found to be dead. No 
necropsy was permitted. 

The patient reported as Case 11 was readmitted one month after 
her final assumption of normal rhythm. Three days previously symp- 
toms suggestive of cerebral accident had suddenly occurred. Examina- 


Stewart, H. J.: Arch. Int. Med. (to be published). 
a. This case is reported by the courtesy of Dr. Louis V. Hamman 
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TABLE 2.—CompiLaTion oF CASES OF AURICULAR FIBRILLATION 
REPORTED Tees ATED WITH Quinipix 








Authors Number Reversions to 
Treated Normal Rhythm 


Arnel] * 

\rrillaga, w alk irop and eo 5 
He njamin and von Kapff *. 
Bock * 

Boden and Neukireh s 
Burwell and Dievaide.. 

Clere and Deschamps °. 

Drury and Ilieseu *° 

Ellis and Clark-Ke nnedy | 11, 
Eyster and Fabr ** 

Faber '* . 

Frey ** 

Fleystrup '* 

Haass '*.. 

Hamburger and Priest 17 
Hart * 

Hewlett and ‘Sweeney 19 
Jenny # : 

Klewitz 2! 

Lesehke and Ohm 22. 

Levy ** ‘ 

Lian and Robin 2*.. 
Oppenheimer, Mann ind Felberb: um 25 
Romberg 2*.. 

Sappington at 

Schott ? 

Smith 2°. a 

Van Tilburg ® op SOOT 

Von Bergman *'... 

White, Marvin and Viko *2., 
Wilson and Herrmann ** 
Wisser **...... : 
Wolferth *5.... , 
Wybauw, Dumont and Joos *4 


t ~ 
TCO et et et = 
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e — 
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Total 339 (55.9%) 





Arnell, P.: Hygiea 83: 529, 1921. 

Arrillaga, F. C.: Waldrop, C. P., and Guglielmetti, J.: Prensa med. Argentina, 8, 1922, 
in Presse méd. 303: 352, 1922). 

Benjamin and von Kapff, W.: Deutsch. med. Wehnschr. 47: 10, 1921. 

Bock, G.: Med. Klin. 17: 1052, 1921. 


. Boden, F., and Neukirch, P.: Deutsch. Arch. f. klin. Med. 136: 181, 1921. 


Clere, A., and Deschamps, N.: Presse méd. 30: 205, 1922. 
Drury, A. N.. and Tlieseu, C. C.: Brit. M. J. 23511, 1921 


. Ellis, A. W M., and Clark-Kennedy, A. E.: Lancet 2: 84, 1921. 
2. Eyster, J. A. F., and Fahr, G. E.: Arch. Int. Med. 29:50, 1922 
. Faber, K.: Ugeskr. f. Leger 833 577, 1921. 


Frey, W.: Deutsch. Arch. f. klin. Med. 1262 70. 1921 
Floystrup, G.: Ugeskr. f. Leger S32 1389, 1921. 


. Haass, H.: Berl. klin. Webnschr. 58: 540, 1921 
7. Hamburger, W. W.. and Priest, W. S.: J. A. M. A. 7%: 187 (July 15) 1922. 
. Hart, T. S.: J. A. M. A. 7%: 6 (July 1) 1922. 


Hewlett. A. W., and Sweeney, J. P.: J. A. M. A. 7721793 (Dee. 3) 1921. 
Jenny, E.: Schweiz. med. Webnschr. 51 3 272, 1921 


. Klewitz, F.: Deutsch. med) Wehnschr. 4628, 1920. 
. Leschke, F., and Ohm, R.: Miinchen. med. Wehnschr. 68:65, 1921. 
. Levy, R. L.: New York State J. M. 22: 276, 192. 
%. Lian, C.. and Robin, V.: Bull. et mém. Soc. méd. de hop. de Par. 443 23, 1922. 
s. Opp nheimer, B. S.,. Mann, H., and Felberbaum, D.: J. A. M. A. 7831752 (June 3) 192 
. Romberg, E.: Krankheiten des Herzens, Ed. 2, Munich, 1921 
. Sappington, S. W.: J. A. M. A. 78250 (Jan. 7) 1922 


Schott, E.: Deutseh. Arch. f. klin, Med. 134: 208, 1920. 


. Smith, F. M.: J. A. M. A. 782877 (March 25) 1922. 


Van Tilburg, J.: Nederl. Tijdschr. v. Geneesk. 2: 1555, 1921. 


11. Von Bergman, G.: Miinchen. med. Wehnschr. 66: 705. 1919. 
. White, P. D., Marvin. H. M., and Viko, L. E.: J. A. M. A. 783 1839 (June 10) 1922. 
. Wilson, F. N., and Herrmann, G. R.: J. A. M. A. 78: 85 (March 25) 1922. 
. Wisser: Inaung. Dissertation, Cologne, 1920. 
. Wolferth, ©. C.: Am. J. M. Se. 162: 12, 1921 


Wybauw, R.. Dumont and Joos: Policlinique (Brussels) March 1, 1921 (abstr. in Arch. 
du coeur 14: 564, 1921) 





BURWELL-DIEU AIDE—QUINIDIN 525 


tion showed increased reflexes on the right side and a right facial 
weakness. The pulse was totally irregular, with short periods of 
regularity. An attempt was. made to control the auricular fibrillation 
by the administration of quinidin (two doses of 0.2 gm. each). This 
was ineffectual. The patient became comatose and shortly thereafter 
died. At necropsy it was found that there was a thrombus in the left 
middle cerebral artery and an infarction of the spleen. There was a 
moderate degree of stenosis of the mitral valve but there was no 
thrombus within the heart. There was extensive arteriosclerosis. 

The frequent occurrence of embolism in cases of longstanding auricu- 


5 


lar fibrillation is well known. Mackenzie ** and Orr ** suggested that the 
contractions of the auricle, after quinidin had caused a resumption of 
its normal activity, might serve to detach emboli from intra-auricular 
clots. Table 3 shows that fourteen accidents resembling embolism have 


been reported as following closely the onset of normal rhythm in 


TABLE 3.—Accipents SuGGESTING EMBOLISM FoLLowING THE ONSET OF NORMAI 
RHYTHM IN Cases TREATED WITH QUINIDIN 


Deaths 


Benjamin and von Kapff * 
Burwell and Dieuaide.. . 
Ellis and Clark-Kennedy "' 
Groedel **...... 

Hewlett and Sweeney '° 


ee aininiitiy gine 
Sappington 27 se 
White, Marvin and Viko ** 
Wilson and Herrmann ** 


Total 


cases of auricular fibrillation treated with quinidin. Eleven of these 
accidents were fatal. Up to the present, however, no pathologic evi- 
dence as to the nature of these accidents has been available. 

The necropsy findings in Case 13 leave no doubt that this patient’s 
leath was due to the mechanism suggested by Mackenzie and Orr. 
In Case 14 we can only speculate on the basis of the clinical course 
that the same mechanism was responsible for the patient’s death. In 
Case 11 the hemiplegia occurred while the patient's pulse was totally 
irregular and, since there was no intra-auricular thrombus, it is felt 
that this fatality is not attributable to the use of quinidin. 

The occurrence of such accidents in small series of cases brings 
out the fact that patients should be carefully studied before being given 
quinidin. It is, of course, impossible to decide whether or not there is 
present an intra-auricular thrombus. Therefore, the decision as to the 


37. Mackenzie, J.: Brit. M. J. 2:576, 1921 
38. Orr, J.: Brit. M. J. 2:576, 1921 
39. Groedel, F. M.: Therap. d. Gegenw. 62:172, 1921 
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use of the drug in a given case must be based upon a consideration of 
the degree of the patient’s incapacitation after the usual therapy has been 
employed and of the improvement to be expected from a restoration of 
the normal rhythm. It must be borne in mind that embolism may occur 
during the course of auricular fibrillation and hence that the interpreta- 
tion of embolic accidents following quinidin therapy must include a study 
of their relation to the onset of normal auricular activity. It is impor- 
tant to note that the drug is not in itself responsible for the embolism 
and that there is nothing to be gained by modification of the dosage. 


CONCLUSIONS 

Our observations of the patients’ activity, systolic blood pressure, 
vital capacity, and subjective condition show a consistent improvement 
in all patients whose cardiac rhythm became regular and remained so 
for some time. Therefore, in patients with auricular fibrillation who 
cannot be brought to a satisfactory degree of circulatory efficiency by 
the usual therapeutic measures, an attempt to cause reversion to normal 
mechanism by quinidin is justified by the hope that the patient’s health 
will be improved thereby. It is well established that the change in 
rhythm can be effected in at least 50 per cent. of the cases. 

Two grams of quinidin sulphate may be administered daily without 
the production of severe toxic symptoms, and such a dosage results in 
a higher percentage of successes than does a smaller dosage. 

So far as is known at present, the danger associated with the use 
of this drug lies not in its direct effects but in embolism from an 
intra-auricular thrombus, following the onset of normal auricular 
activity. 

SUMMARY 

1. Of sixteen cases of auricular fibrillation treated with quinidin 
sulphate, fourteen (88 per cent.) reverted to normal mechanism. 

2. Regular rhythm has persisted in eight of these patients: in six 
for more than six months. 

3. In the cases remaining persistently regular there has been 
marked improvement in the patient’s health. 

4. Death occurred in three patients; in one, shown to be due to 
embolism from an intra-auricular thrombus. 





MYCOTIC (BACTERIAL) ANEURYSMS OF 
INTRAVASCULAR ORIGIN * 


ALFRED STENGEL, M.D., ann C. C. WOLFERTH, M.D 


PHILADELPHIA 


With the development of modern methods of clinical diagnosis and 
pathologic study, it has become universally recognized that arterial 
aneurysms, in the great majority of cases, particularly aneurysms 
involving the arch of the aorta, are due to syphilis. Other etiologic 
factors of clinical importance, although ranking far below syphilis, are 
bacterial or so-called mycotic infections of arteries, trauma (most 
frequently in connection with war wounds) and arteriosclerosis. 
Extremely rare causes are congenital defects of vessels, adhesions pull- 
ing the artery wall outward (traction aneurysms), vascular tumors 
and chemical erosion, such as may occur in the walls of gastric ulcer 
or carcinomas. In horses, a parasitic worm, the Strongylus armatvs, 
has caused aneurysms involving most commonly the mesenteric artery. 

3acterial infections may invade the vessel wall either from the 
outside or from within. Those coming from without are usually due 
to the extension of infection to the vessel walls from neighboring or 
contiguous inflammatory foci, attacking, first, the adventitia and then 
spreading inward, producing disintegration of tissue until the vessel is 
weakened enough to yield. These aneurysms are found most often in 
tuberculous cavities, the walls of abscesses or other areas of inflamma- 
tion. Rarely, the aorta or pulmonary artery may be involved, in which 
case the infection usually comes from bronchial lymph nodes. Accord- 
ing to present day views, the aneurysms in periarteritis nodosa are 
also to be regarded as due to infection from without. Klotz,’ who 
has recently studied this condition and reviewed the literature, believes 
that the organisms concerned are streptococci. The infection is thought 
to be sffead along the periarterial lymphatics. 

The types of aneurysms to which we wish to call attention are those 
in whose production bacterial infection from within the vascular 
apparatus plays a part. Infection may be brought to arteries in a 
variety of ways and other factors beside infection may also be of 
importance in giving rise to aneurysm. There is no satisfactory name 
to include all the types and distinguish them from the aneurysms caused 
by infection from without. Embolism is frequently a factor, and 


aneurysms in whose formation embolism plays a part were called by 


* From the Medical Division, University Hospital, and the William Pepper 
Clinical Laboratory, University of Pennsylvania. 
1. Klotz: J. M. Research 32:1, 1917. 











528 ARCHIVES OF INTERNAL MEDICINE 


the older writers, before the importance of infection was understood, 
embolic aneurysms. It is better to reserve this name for aneurysms 
regarded as being due to embolism without infection, although we 
do not believe that in any of the cases reported as purely embolic 
aneurysms without infection the absence of infection has been clearly 
established. 

The term “mycotic” was adopted by Osler? and Eppinger * to 
call attention to the importance of infection. Eppinger’s designation 
“mycotic embolic” for the type of aneurysm described by him has 
persisted. Benda * suggested “metastatic mycotic” to include the cases 
in which bacteria are carried to the vessel wall through the blood stream 
but without the aid of emboli. The name proposed by Benda does 
not cover the aneurysms caused by direct implantation of infection 
on the aorta and pulmonary artery. We have, therefore, designated 
the entire group “mycotic aneurysms of intravascular origin” which, at 
least, has the merit of directing attention to the two features they 
have in common.* 

Tufnell ® is usually credited with being the first to recognize the 
importance of embolism in the production of aneurysms, although 
Virchow,’ in 1847, six years before Tufnell’s publication, not only 
furnished the proof that embolism occurs but noted that at the seat 
of embolism sharply delimited destruction of the inner and middle 
arterial coats may be found. In two cases, he found arterial dilatation 
and sac formation at the site of embolism. 

Tufnell believed that the aneurysms were caused by pressure behind 
the embolus and developed there. Ponfick,* however, in 1873, showed 
that they occurred at the site of the embolus. He believed that the 
mechanical effect of the embolus being pushed against the vessel wall 


by the blood pressure behind it, injured the vessel and thus gave rise 


to aneurysm. In some emboli he found sharp calcareous spicules 
Where the emboli were soft, he exp'ained the damage to the artery 
wall as being due to the constant pressure of the embolus against it, 
a mechanism which he considered analogous to decubital necrosis. 
Osler: Brit. M. J. 1:467, 1885 
Eppinger: Arch. f. klin. Chir. 35: 1887 
. Benda: Lubarsch-Ostertag Ergebnisse. 8:196, 1901. 

The term mycotic, although sanctioned by long usage in this connection, 
is not altogether without objection since a special group of infections have 
come to be called the mycoses. With the exception of one aneurysm of the 
pulmonary artery, regarded as due to the spread of actinomycosis to the 
vessel wall (Reiche: Quoted from Thorel, Lubarsch-Ostertag, Ergebnisse 14: 
666, 1910) there are, so far as we are aware, no reports of aneurysms caused 
by any of the special group of mycoses. 

6. Tufnell: Dublin Quart. J. M. Sc. 15:371, 1853. 
7. Virchow: Virchows Arch. f. path. Anat. 1:272, 1847. 
8. Ponfick: Virchows Arch. f. path. Anat. 58:528, 1873: 67:384, 1876. 
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Goodhart,® who reported a number of cases of so-called embolic 
aneurysms in 1877, was the first to advance the hypothesis that infec- 
tious processes were concerned in their formation. In 1878, Buch- 
wald *° found bacteria in polypoid vegetations in a pulmonary aneurysm, 
but believed the aneurysm came first and the vegetations and bacteria 
later. Osler,? in 1885, reported the finding of five aneurysms of 
the aorta in a patient with malignant endocarditis. He believed that 
the endocarditis and the aneurysms were due to the same infection. 
Langton and Bowlby": found numerous bacteria in the walls of embolic 
aneurysms and concluded that the infection was derived from the heart 
valves. 

Eppinger,*® whose classic monograph appeared in 1887, has con- 
tributed most to our knowledge of this subject. He described minutely 
the arterial changes in various stages of what he called mycotic embolic 
aneurysms, and demonstrated that the infection was conveyed by bacteria 
laden emboli detached from the heart valves to the arterial wall, and 
that the formation of aneurysm was dependent on partial disintegra- 
tion of the wall, particularly the internal elastic lamina. [ppinger 
believed that the infection was carried to the adventitia and set up 
inflammation there first, later spreading to the media and intima. Later 
investigators accept this as the course of events when tiny infected 
emboli enter the vasa vasorum and are held in the adventitia, but it 
is now generally believed, through the work of Unger '* and others, 
that when emboli plug the lumen of an artery, inflammatory processes 
begin on the inner surface and spread outward. 

Although Eppinger and others who followed him established the 
etiologic importance of infection in the formation of aneurysms, the 
view was not abandoned that the mechanical effect of embolus alone 
on an artery wall is able to cause aneurysm. Lecky,’* Libman* and 
Reiche '* within the past twenty years have reported cases which have 
heen cited in support of this view. In Libman’s case, bacteria were 
found in the heart valves, and in Reiche’s case, while blood cultures 
were negative at the time the aneurysm developed, they had previously 
been positive. In Lecky’s case, a purely embolic etiology for the 


aneurysm is strongly suggested, but the case report is too incomplete 


for the acceptance of this view without question. 


9 Goodhart: Tr. Path. Soc. Lond. 28:107, 1877. 

10. Buchwald: Deutsch. med. Wehnschr. 4: Nos. 1, 2 and 3, 1878 
11. Langton and Bowlby: Med.-Chir. Tr. 70:117, 1887 

12. Unger: Beitr. z. path. Anat. u. z. allg. Path. 51:137, 1911 

13. Lecky: Brit. M. J. 2:1127, 1906. 

14. Libman: Proc. New York Path. Soc., N. S. 5-6:88, 1905-1906 
15. Reiche: Quoted from Libman, Am. |. M. Sc. 144:313, 1912 
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The more recent literature has shown that in the great majority 
of acute and subacute aneurysms developed from within the vessels, 
the underlying infection is some form of bacterial endocarditis. In 
this group of infections, aneurysms not only of the arteries but also 
of the heart walls and valves are not uncommon. Horder,’* in 150 
cases, found twelve aneurysms of the valves, four of the ventricular 
wall, four of the interventricular septum and four arterial aneurysms. In 
the series of Schottmiiller,'’ Lenhartz '* and Billings,’® forty-four cases 
in all, six were found to have arterial aneurysms. Libman*® has 
reported a total of thirteen mycotic aneurysms in three cases during 
the active stage of bacterial endocarditis. Cotton mentions the finding 
of but one aneurysm in a series of fifty-five cases of bacterial endo- 
carditis. Morawitz** goes so far as to state that the development of 
aneurysms in unusual situations may aid in the diagnosis of “endo- 
carditis lenta.” 

The older writers frequently attributed these aneurysms to rheu- 
matism. Koch * in 1851, was the first to report such a case. From 
the published data in his case, as well as in many cases reported later, 
it seems more likely that bacterial endocarditis was present rather than 
rheumatism. More recently, rheumatism has not so often been regarded 
as of direct etiologic importance. In view of the difficulty in some 
cases, even at the present time, of making a differential diagnosis 
between the two conditions, it is not surprising that some confusion 
should occur. The importance of rheumatism as an etiologic factor 
in aneurysm formation will be discussed later. 

The development of aneurysms during the course of bacteremia 
without endocarditis is rare. Buhl,” in 1866, found dissecting 
aneurysms of the ductus botalli in infants with puerperal infection. 
He concluded that the destructive processes must have been brought 
through the blood stream. Scattered reports of aneurysm formation 
in various conditions, principally bone and lung infections, are found, 
but until Ruge’s** report, in 1905, none had had adequate bacteri- 
ologic study. Ruge’s patient had osteomyelitis, pyemia and a coronary 


artery aneurysm in which streptococci were found. Since that time 
several cases have been studied bacteriologically, and streptococci, 


16. Horder: Quart. J. M. 2:289, 1908 
17. Schottmiiller: Miinchen. med. Wehnschr. 57:617, 1910. 
18. Lenhartz: Nothnagel’s specielle Pathologie und Therapie 3:380, 1904. 
19. Billings: Arch. Int. Med. 4:409 (Sept.) 1909 
Libman: Proc. New York Path. Soc., N. S. 5-6:43, 1905-1906. 
. Morr witz: Miinchen. med. Wehnschr. 68:1478, 1921. 
Koch: Inaugural-Dissertation, Erlangen, 1851 
Buhl: Quoted from Thoma: Deutsch. med. Wehnschr. 15:309, 1889 
Ruge: Deutsch. Ztschr. f. Chir. 80:150, 1905 
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neumococci or staphylococci were recovered from the aneurysms. The 
aorta and the hepatic artery are the vessels that have been involved 
most often. 
REPORT OF CASES 
MYCOTIC ANEURYSMS OF THE AORTA 


Case 1.—History.—A. C., housewife, aged 31, white, American, was admitted 
the University Hospital May 20, 1920, complaining of weakness and short- 
ess of breath. Ever since she could remember, she had had palpitation and 
breathlessness on exertion, and during her childhood, a physician stated that 
he had a weak heart. In September, 1919, she began to suffer from chills, 
ever, cough and weakness. In October, her joints began to swell and were 
slightly painful. By February, 1920, she was somewhat improved but then 
developed what was called influenza. She had anorexia, sore eyes, headache 
uugh and pains all over her body, sensations of chilliness and marked weak- 
ess. Soon her feet and legs began to swell and she became so short of 
reath that she could not lie down flat. There was also some cough with 
hite frothy expectoration. 

She had never had any joint affections except the mild attack in the begin 
ing of her present illness and had never had chorea. She had had measles and 
hickenpox in childhood; at 6 years she had some illness the nature of which 
as not known, but there was swelling of the body and redness of the skin. 
She had typhoid fever at 16. 

Her habits had been good, she lived in good surroundings and she had done 
her housework. Her husband and two children are living and well. 

Physical Examination.—She was of about medium stature, with poor nutri- 
tion and musculature. The skin was pale but there were no eruptions, except 
some miliaria on the chest and abdomen. The breathing was accelerated, 
shallow and somewhat labored. The lips and oral mucous membranes were 
pale, the teeth unclean, there were many cavities and unextracted roots and 
the gums were retracted. The tongue was heavily coated. The chest showed 
poor expansion, somewhat less on the left side. There were signs of con- 
gestion and some fluid at both bases. The cardiac apex impulse was weak 
ind diffuse. The percussion area of precordial dulness was enormously 
ncreased, extending 13 cm. to the left of the midsternal line and 11 cm. to 

right. The substernal dulness was 8 cm. in the first interspace, 12 cm. 
n the second and 17 cm. in the third. There were vigorous visible and palp- 

le pulsations in the second and third interspaces to the right of the sternum 
ud systolic and diastolic murmurs were heard over the aortic area, prob- 
bly also a separate apical systolic murmur. There was an occasional extra- 
ystole. The liver was markedly enlarged and there were signs of a small 
uunt of fluid in the abdomen. The spleen could not be palpated. There 
was moderate edema of the back but none of the legs. There was marked 
lubbing of the fingers. The pulsations in the larger arteries were visible: a 
tinct capillary pulse was seen and the Traube and Durosiez signs were 
‘sent. The blood pressure was 100 systoli Eyeground examination showed 
pulsation of the retinal vessels 
thoratory Examination——The examinations of the urine showed a specific 
ity of from 1.012 to 1.014, persistent cloud of albumin, many hyaline and 


ranular casts, a slight excess of leukocytes and a few erythrocytes 
lobin was 40 per cent., the erythrocyte count 2,230,000, and the | 


nt 11,300 with 75 per cent. of polymorphonuclears Phe 


: 
negative. A blood culture was positive, showing Stref 
The report of the roentgen ray of the chest bv Dr 
follows: “Large heart. Right side of shadow 


the right side May be fluid in the pericardia 
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The temperature was of an irregular septic type, ranging from 97.4 t 
103.6 F. Pericardial frictions developed and were heard over a wide area 
There was manifest very little change in her general condition until June 5 
when the pulse became very rapid and weak and the breathing labored. I: 
a short time, death occurred. 

Diagnosis.—Streptococcus viridans endocarditis; aortic and mitral regurgi 
tation; myocarditis; pericarditis; cardiac decompensation with passive con 
gestion of the lungs, liver and kidneys; mycotic aneurysm of the ascending 
arch of the aorta; subacute nephritis; secondary anemia. 

Comment.—In spite of the fact that the literature affords no 
instances of a clinical diagnosis of mycotic aneurysm of the arch of 
the aorta confirmed at necropsy, the diagnosis in this case was based 
on the extraordinary degree and extent of visible and palpable pulsa- 
tion to the right of the sternum in the second and third interspaces, 
associated with clear evidences of an aortic valve lesion, fever, leuko- 
cytosis and other evidences of an active infectious process. The dis- 
covery of pulsation over the arch of the aorta to the right of the 
sternum is to be expected in some cases of aortic regurgitation and 
is explained by the dilatation of the root of the aorta which occurs 
to a greater or less extent in many cases of this condition. The violence 
and the extent of the pulsation in this case were, however, so marked, 
and the evidence of unusual dilatation of the arch of the aorta on 
percussion so definite, that it seemed altogether probable that a dis- 
tinctly pathologic dilatation (as contrasted with mere overdistention 
from stretching) existed in this case. The evident intravascular infec- 
tion furnished a probable explanation, as acute (mycotic) aneurysmal 
dilatations are known to occur in association with infective endocarditis. 


Pathologic Examination.—The necropsy was performed by Dr. M. 
McCutcheon. The following notes have been abstracted from his report: 


The heart weighed 770 gm.; the epicardium was reddened and covered with fibrin whict 
was easily stripped off in some places and adherent in others. The muscle was flaccid and 
of a turbid flesh color. The left side of the heart was greatly dilated; the right less s 
The mural endocardium was generally transparent, but on the wall of the left ventricl 
below the aortic valve and on the left auricle above the mitral valve were found numerous 
soft verrucae. Two aortic leaflets show thickening, the right posterior one was much eroded 
and from it hung a soft vegetation about 8 mm. in length. The mitral valve was unthickened 
but covered with many verrucae, some of which were quite pale and firm, while others 

1 


appeared fresh. Smears made from the aorta just above the aortic valves and stained for 


bacteria showed streptococci. 


In Figure 1 are shown an aneurysm and ulcerations in the ascending arch 
of the aorta and their relations to the aortic valve. Just above the right 
posterior sinus of Valsalva are two ragged ulcerated areas. On the corre 
sponding aortic leaflet, there are two long but soft vegetations the tips of 
which could be inserted into the ulcerations. There are also some smal! 
vegetations about the ulcerations. In this area, about 2 cm. wide and 1 cm 
long, the aortic wall is slightly thickened and pouched out. To the right, the 
diseased area narrows to an isthmus of thickened and slightly depressed ves 
sel wall which connects it with a definite aneurysm above the anterior sinus 
of Valsalva. The aneurysm is irregularly rounded, approximately 2 cm. in 
diameter, and in the hardened specimen the floor is about 1.25 cm. below th: 
surface of the adjacent part of the vessel. It extends just low enough to 
include and hide the exit of the right coronary artery. By probing back 
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igh the artery, the exit was tout not t 


fine vegetations. The wall of the aneurysm 


times the thickness of the 1 arby vessel wall 
lds in it suggesting that it had beet 

postmortem For the most part it was covered 

ous with the intima and resembling it somewh 
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from this layer and on the left border 


irregular area of ulceration about 6 mm 





Fig. 1—Case 1. Drawing of wall of left ventricle, aortic valves and the 
orta Just above the valves. There are two long ragged vegetations on the 
sht posterior aortic leaflet \bove each on the inner surface of the aor 
s an ulceration (#) to which the free end of the corresponding vege 
xtends. The aneurysm (a) is above the anterior leaflet. The mouth of 
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coronary artery at the lower end of the aneurysm ji 
essel is patulous 
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the vessel wall is grossly unchanged. the intimal surface is largely missing 
but what is present seems thickened. The internal elastic lamina is fairly 
solid. The media is irregularly degenerated, the muscle fibers in places being 
replaced by deep eosin staining spots and strands, at which places the elastica 
is also absent. Deep in the media, round cells begin to increase. The 
adventitia is very wide and consists of highly vascular, irregularly placed 
strands of poorly stained connective tissue with a little muscle. Many of the 
vessels have a mantle of round cells. Some show distinct intimal swelling 
and one obliterated vessel is seen There are a few round cell groups aside 
from the perivascular ones. The transition from the better preserved aorta 
to the aneurysmal part is indicated by a loose fibrous tissue participated in 
by the intima and media. Elastic tissue of the former practically disappears 
or becomes granular only, and of the latter is only fragmentary. The adven 
titia at this point is similar to that in the area previously described but some 
what more cellular, the elements being lymphoid and plasma cells. A few 
polymorphonuclear cells were seen. The blood vessels have distinctly mor: 
cellular walls. At the aneurysmal end of the section is an atheromatous 
abscess around the walls of which are polymorphonuclear cells, a few swollen 
cells of the endothelial type, some with phagocytic properties, and detritus 
No bacteria were found in the sections stained for that purpose. 


Comment.—It is apparent from the pathologic examination of the 
aneurysm that the inflammatory process involving the aorta must have 
been present for some time, a matter of at least months. In places 
the inflammatory reaction had almost completely subsided and_ the 
normal structure of the artery had been replaced by fibrous tissue. 
(On account of the duration of the condition, the pathogenesis of the 
aneurysm is obscured. One of two modes of infection of the arterial 
wall seems probable. The infection may have been directly transferred 
to the inner surface of the aorta from the large ragged vegetations 
on the aortic valves which must constantly have come in contact with 
it. This view is favored by the finding of two acutely ulcerated areas 
in the aorta corresponding to the position in which the tips of two 
long vegetations would likely be thrown at each systole of the ventricle. 
(in the other hand, a mycotic embolic infection through a coronary twig 
supplying the aorta cannot be excluded, and in view of the close 


proximity of the infective material to the exit of the coronary arteries, 


has just as much to support it as infection of the artery by contiguity. 


Case 2.—History—J. B., negro, male, aged 49, was admitted to the Uni- 
versity Hospital, Nov. 4, 1921, complaining of aches and pains all over his 
body. He stated that about two years before admission he began to suffer 
from attacks of dizziness, and a year later he began to feel constantly tired 
and drowsy and had pains in his neck, chest, back and left leg. These symp 
toms persisted, and in addition, about six months ago, he noticed dyspnea 
on exertion. Four months ago, he had to give up work. Recently he think 
he “caught cold” and feels much worse since then. He has lost about 30 pounds 

He had gonorrhea at 18, and two severe and several mild attacks of rheu 
matism, the first attack at 20. Three years ago he had a hard pimple on th 
penis which disappeared in five days. He is a restaurant waiter and his 
meals are irregular. He has not used tobacco or alcohol excessively. He is 
married, his wite is living and well and has had one healthy child but n 


miscarriages. 
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hysical Examination. —He 
d as his stated age of 49. 


tid and the tongue coated 


ll nos h 1 ' rr w} 
Was a Well nourishes neLzro wh 


The oral mucous membrane 


Was 
There was moderate 
th crowns The tonsils were 


somewhat barrel-shaped but the 


pyorrhea and 


large, congested and cryptu 


lungs were clear throughout 
larged, principally to the left By 
the 


percussion, the 
right base 4 cm. from the sternal line 

6 cm. in the first interspace 
was diffuse and its 
the 


and 8&8 cm. in 
outer border was in 
No pulsations over the 
There were systolic 


midclavicular line 
1 thrills and diastolic murmut 
\n occasional extrasystole was heard 

Traube and Durosiez 
pressure was 


ast 


The pulse was of the collapsing 
signs and a capillary pulse were present. The 
125 systolic. Examination of 


of the abdomen was 
wither spleen nor 


liver were palpable. The left knee was 
llen from effusion about the joint. Motion 
\fter his admission to the 
in a few days the effusion in the knee 
altogether. The temperature was irregular, 
| did not fall with the 
from 90 to 120. 


negative 
aer an 
caused some pain 
hospital, the patient became more comfortable 
| id not disappear 
Varving heween 7 and 103 I 
improvement in the 


subsided 


ut d 


knee 1 
thoratory Examinatio The 

light and dark granular casts, a s f leukocytes and on 
examinations a few erythrocytes. The first blood count 
erythrocytes, 5,600 leukocytes and 66 per cent 
count was normal. The 


were 


urine examinations showed traces of albumi 


] , 
light excess otf 


some showed 3.600.000 
hemoglobi 1 


‘he differential 
negative [Two blood 


streptococcus Phe 


Wassermann test was 
chain nonhemolytic 


was 40 per cent. in 
irea nitrogen was 19 mg. per 100 c.c. 


positive for a_ short 
sulphonephthalein excretion 


two hours, and 


haqgnosts. \ diagnosis of subacute infective (streptococci endocarditis 
as made 

Course November 16, there developed within the course o 
omplete left sided hemiplegia 


ritns 


ft a tew hours 
The next day there 
and a spinal puncture was done. The 
slightly cloudy. There 


were symptoms 
fluid was under 
were a great many leukocytes i 
streptococcus was grown resembling the one found in the blo 
i few days, the meningeal symptoms disappeared, but the her 
These phenomena were regarded as due to the lodgment 
septic embolus from the heart 
Symptoms of cardiac failure and p: 
leath occurred Jan. 4, 1922 


ropsy Report The necropsy 


are indebted for the 


met 
} 


t 


ass! 


ve conge 


was performed 


pathologic report 
pecimens 

Gross Anatomic Diagnosis Aorta Arteriosclerosis 
Heart: Hypertrophy; cloudy 
1 


and 


swelling; acute ulcerative 
mitral endocarditis; slight coronary sclerosis 

ve congestion with superimposed edema and terminal 
Septic infarction; acute diffuse splenitis 


Kidneys: Chr 
ght arteriosclerosis ; 


ydronephrosis 
Detailed Inspection of Heart and Aorta The heart 
mewhat globular in shape, and asur by 12.5 
epicardium is smooth 
The muscle is very dull, turbid 


infarction; slight hye oO 


and gl 


contains 


averages 20 mm. and the right 3 mm 
normal The aorti leaflets are tl 
t posterior cusp is almost 


1 entire 
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largin Ihe mitral leaflets at their bases and midway betweer 
and the 1 are covered with a few soft vegetations, the largest 
the size of a pea Ihe vegetations also extend down the chordae ten 
The pulmonary and tricuspid valves have normal leatiets. The coronar 


are slightly sclerotic. The aorta has normal 
elevated, hyaline and athero 


calibre but much dimn 


ished elasticity. There are numerous, slightly 
any puckering. The aortic branches are slight] 


matous | 1 
stiffened and have a slightly corrugated intimal surface About 1 em. above 


terior cusp there is an ulceration of the aorta 


vatches, but nowhere 


the left pos This has an oval 
and measures 15 by 10 mm The margins are ftairly smooth. The 
greater part of the media The bed of the 


erosion affects the intima and the 
somewhat uneven fibrous tissue, probably adventitia 


No definite bulging has as yet occurred; at the most there is slight cupping 
Section Through Vegetation from Heart Valve The vegetation is papil 
loma-like, consisting of almost homogeneous eosin staining blood material ir 
1 hlue staining bacterial col 


which are everywhere sprinkled irregularly deep 


ulceration consists of 


onies (coce! 


rhe aneurysm (a), the surface of which measures 


above the left posterior leaflet. 


ase 


10 mm., is seen about 1 cm. 


There is an abrupt oval out-pouching 


Section Through Aneurysm of Aorta 
tissue. On either side 


the walls of which consist of very much altered aortic 


of the out-pouching, the aorta possesses a fairly normal intima with only her 


and there a slight hyaline thickening; the hyaline substance is sometimes 


broken up and contains large cells with fat droplets. The media is unchanged 
7 | 


except that around some of the vasa vasorum there are mantles of small rout 
both media and adventitia, 


groups of similar cells are scattered through out 
addition, a few larger vessels 


cells ; 
being particularly prominent in the latter In 
the adventitia possess irregularly thickened walls 
At the edges of the out-pouching, the muscular and elastic 
At the base of the out-pouching 


are small areas where much distorted remnants of elastic and muscular 


be recognized. Generally, the wall of the dilatation consists 


in with hyaline plaques 
the intima. fibers 


are suddenly curved outward and soon lost 
there 
fibers can still 

of a much thinned out adventitia, which is composed 


of loosely arranged 





etween which 
pigment con 
traces of muscul: 
layer of newly formed tissue thrown 
sists of very young connec 
embedded in a mucinoid 
covers this newly formed tissue, 


of the more normal aorta Bacterial 


stains for spirochetes were likewise 


omment The aneurysm found in this patient's 
> » 


Fig. 2) that clinical evidences of its presence 


expected and none were discovered 

There were several unusual features of interest from the path 
ogists viewpoint. 
lete or virtually complete healing of an aortic mycotic aneurysm been 
bserved \ number of cases have 


In none of the cases previously reported has com 


shown healing in part of ‘ 





neurvsn 


ive inflammator 


going on in other parts. rding to Dr. Lucke, 
ineurysm in this case had been entirely covered over by 
ft endothelium continuous with the endothelium lini 


ealthy portion of the vessel No 


foci of acute in 
“nd < where The lectr tive r me Mveal 
ind anvwhere he destructive processes mnvol 


intima were of the usual tvpe. These two tuni 


completely and were replaced by the la 
-and endothelium previously mentioned 
wall of the aneurvsm was much thinner thi 


tl e aorta 
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(On account of the chronicity of the aneurysm ( Dr. Lucke estimated 
its age at six weeks at the very least), and the fact that the inflammatory 
processes had subsided, there was not much evidence on which to 
determine the route by which infection had been brought to the artery 
Infection by continuity from the aortic valve could be excluded as 
the vessel between the aortic valve and the aneurysm was not involved 
Vhere is little likelihood that the infection had been implanted directly 
from the valve on the aorta as there were no vegetations present at 
the time of necropsy anywhere nearly long enough to have reached 
the area of the aneurysm. It would seem most probable that a minute 
embolus had entered the coronary circulation from the diseased aortic 
valve and become blocked in one of vasa vasorum supplying the first 


portion of the aorta, initiating an inflammation that resulted in a true 


mycotic embolic aneurysm. Another possibility, although less likely, 
is that the process started as a metastatic infection of the inner surface 


of the aorta. 


MYCOTIC ANEURYSMS IN BRANCHES OF THE SYSTEMIC ARTERIAL TREE 

Two cases that fall in this group, both of which were somewhat 
unusual have been observed recently in the University Hospital. 

Case 3.—History—A. W., male, white, unmarried, aged 44, was admitted 
to the University Hospital, Sept. 19, 1917. About three months previous to 
admission, he had begun to have chills, fever and sweats which recurred at 
irregular intervals. In August a tooth was extracted for root abscess and 
pus evacuated. Since then, there had been no more chills and the tempera 
ture, which had previously gone as high as 104.3 F.. no longer exceeded 101 F 

Physical Examination—The heart was found moderately enlarged, and there 
were blowing systolic murmurs at the apex and base. There were some rales 
at the right base posteriorly. The liver was enlarged and extended 6 cm. below 
the costal margin. The spleen was easily palpated on deep inspiration. There 
was slight tenderness along the course of the left femoral artery extending 
from Poupart’s ligament halfway down the thigh. Small purpuric spots were 
noted in the skin. The blood pressure was 145/95. 

Laboratory Examination.—The blood examinations showed a slight secondary 
type of anemia with from 4,100,000 to 4,220,000 erythrocytes and from 77 to 
82 per cent. hemoglobin. The leukocyte count varied between 8,200 with 71 
per cent. of polymorphonuclear cells, and 16,800 with 84 per cent. of poly 
morphonuclears. The urine showed small amounts of albumin and occasional 
casts and red cells \ blood culture remained sterile. Two examinations 
of the blood for malaria were negative 

Course —There was no change noted in his condition until September 29, 
when he complained of severe pain in the left groin. Slight swelling was 
noted in this area along the course of the femoral vessels. Moderate but 
irregular temperature, varying between 97 and 100.8 F., and a pulse range 
between 95 and 115 continued as before. The pain was very severe for a 
few days and then improved but persisted in lesser severity for a month or 
more. October 20, a distinctly localized tumor about the size of a walnut and 
with expansile pulsation was noted just below the left Poupart’s ligament in 
the region that had previously been tender and swollen. The mass remained 
about the same size for a week or two but then began to grow smaller and 
the pulsations less marked 
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[he patient left the hospital on November 2 without any improy 
is general condition, but the pulsating mass continued to decrease 
lly disappeared altogether. He died about a month later 


ncreasing toxemia and heart tailure 


Comment.—In spite of the one negative blood culture, the diagnosis 
of subacute infective endocarditis seemed clear in this patient, based 
on the presence of chills, sweats, the persistence of irregular fever, 
cardiac enlargement and murmurs, enlargement of the spleen, emboli 
phenomena in the skin and kidneys and progressiveness of the condition 
eventuating in death. 

The course of events leading up to the formation of the aneurysm 
was somewhat out of the ordinary. There was no evidence of arterial 
plugging by an embolus nor disturbance of circulation in the leg. At 


first the condition was thought to be a femoral phlebitis but later the 
signs of aneurysm became unmistakable. The most unusual feature 
was the rapid subsidence and eventual disappearance of clinical evi 
dences of the aneurysm. 

The occurrence of the aneurysm during the course of a subacute 
infective endocarditis, its rapid development and short course are in 
favor of the nature of the process being mycotic; there is no other 
reasonable explanation for it. Its situation near the point where the 
profunda femoris is given off would suggest that an embolus might 
have been lodged there, but tu the absence of definite signs of embolism 


the question cannot be decided 


Case 4.—History—E. R., white, male, aged 18, was admitted to 
versity Hospital Sept. 10, 1921, complaining of weakness, swelling 
and abdomen and palpitation of the heart At the age of 5, he had a sever: 
attack of acute rheumatic fever that kept him in bed for several months. He 
was then well until 8, when he had an illness said to be heart trouble with 
high fever. From this time on, he was never strong and always had palpita- 
tion of the heart on exertion. In 1916, he began having attacks of decom- 
pensation but recovered fairly well between attacks. The present illness began 
in April, 1921, and although he has had periods of some improvement, the 
tendency has been downward. He is very weak and short of breath, his 
abdomen and legs have become greatly swollen and he suffers from palpitation 
The patient is a Russian Jew and came to this country in 1912 
the present attack he had attended school, except during his period 
decompensation. 


} 


Physical Examination.—The boy | 1 


had a fairly weil developed frame 
musculature. He was distinctly orthopneic. The skin was yellowish a1 
but there was no discoloration of the sclerae. There was generalized 


olving the legs and flanks particularly. The left arm below the 
was greatly swollen, owing to thrombosis in the axillary vein. The 
tremendously enlarged, extending by percussion 6 cm. to the right of 

line, while the apex impulse was felt in the left midaxilla. The supra 
dulness was 9 cm. in the first interspace and 11 cm. in the second. In the 


second left interspace there was an impulse systolic in time There was a 


1 


ort systolic murmur at the apex and a markedly accentuated pulmonic secor 


1. The cardiac action was rapid, usually totally irregular, but with 
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asional short periods of rapid regular rhythm There were moist rales at 
bases of both lungs, the liver was markedly enlarged and signs of a 
dderate degree ascites were present The blood pressure was 110/75 
Coming trom behind the right sternoclavicular joint and extending upwari 
and outward about 3 cm., there was a mass approximately 2 cm. in diameter 
apparently just underneath the skin. Over it was seen and felt a violent 
expansile pulsation, systolic in time. The mass was not tender, the skin was 
freely movable over it and there was no evidence of inflammation. It coul 
he collapsed by pressure It divided into two branches, one of which extende: 
1 and the other up into the neck. The pulse in the right brachial and 
mut could not be compared with that of the left 


outware 
dial 


} 


arteries was weak 
account of the venous thrombosis and great swelling of the left arn 
atory Examination.—The blood examination showed 5,500,000 erythro- 
12,900 leukocytes and 96 per cent. hemoglobin. The differential count 
was normal The Wassermann reaction was negative. The urine contained 
a cloud of albumin and many casts, the phenolsulphonephthalein excretion was 
25 per cent. in two hours and the blood urea nitrogen was 60 mg. per 100 cx 
The blood culture remained sterile. Roentgen-ray examination of the chest 
showed a tremendously enlarged heart but no evidence of aneurysm either oi 
the aorta or the pulmonary artery. Electrocardiograms showed auricular fib- 
rillation with occasional short periods of regular ventricular tachycardia. Puls 
tracings made simultaneously over the pulsating mass and the right radia! 
irtery showed the upstroke of the pulse wave in the latter approximately 
0.25 second later than that obtained over the mass 

Course he patient remained in the hospital ten days. He was given larg: 
doses of digitalis with only slight improvement in his condition At no time 
was there any elevation of temperature or clinical evidence of active infectior 
There was no change noted in the mass in his neck. It gave no symptoms 
and he had not been aware of its presence. 

Diagnosis.—Chronic myocardial disease, probably mitral valvular disease of 
rheumatic origin; severe cardiac decompensation with passive congestion and 
edema; auricular fibrillation and paroxysmal ventricular tachycardia; chron 
glomerular nephritis; aneurysm of the outer end of the innominate artery 

It was reported to us by the patient's physician, Dr. J. M. Prince, that he 
died of heart failure ten days after leaving the hospital 


Comment.—The point of particular interest in connection with the 
aneurysm observed in this patient is the question of etiology. Aneu- 
ryvsms of any description in patients under 20 are extremely rare 
Le Boutilher,** in 1903, was able to collect only sixty cases. Most 
aneurysms in the young are either mycotic or due to congenital syphilis. 
Syphilis did not appear to be a factor in this patient. There were 
no clinical evidences of the disease and the Wassermann reaction, as 
stated, was negative. ©n account of the lack of history of the time 


of development of the aneurysm, such possibilities as a congenital 


or traumatic etiology cannot be ruled out altogether. Both, however, 
are beyond the bounds of probability. On the other hand, the history 
f severe rheumatism, also an obscure attack of fever with cardiac 
involvement, the extensive heart disease, the location of the aneurysm 
at a bifurcation of an artery and the lack of evidence of arterial 


5. Le Boutillier Am. J. M. Se. 125:778, 1903 
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sease elsewhere, suggest strongly that the aneu 
an infected embolus from the heart and for tl 


the series of cases here reported 


DISCUSSION 


Incidence and Distribution—We have collected from the literature 
ill the cases we could find that appear to fall in the group under 
liscussion. Including the four cases reported in this paper, we were 

le to gather 217 cases. The aneurysms regarded by the older 
vriters as embolic are included, since in most of them, the case reports 
show clearly that they were really mycotic-embolic. The 
= 


few cases in 
which a diagnosis of rheumatic aneurysm of a peri 


pheral artery seem 
ustified are included in spite of the fact that the nature of the rheu 
matic virus is not established, since their clinical manifestations were 
similar to those of mycotic embolic aneurysms. The clinical reports 
rheumatic aneurysms of the arch of the aorta have been excluded 
r reasons that will be discussed later 

\rteries in all parts of the body and of var sizes, from 
ery largest to tiny unnamed vessels (the latter 


t particularly in the 
brain), may be the seat of mycotic aneurysms. Eppinger has called 
ittention to their multiplicity, stating that it is one of the most constant 
features of the condition. e 


In this group of 217 cases, more than on 
yneurysm was found in torty-nine. If complete necropsies had been 
made in all cases, doubtless many more would have been discovered 
[he various arteries and their unnamed branches 


ter 


imes (Table 1) with a total of 


were involved 264 
382 plus “numerous aneurysms in 
hree cases.” In quite a number of cases, several or many branches of 
me artery exhibited aneurysms 





The artery most frequently involved is the aorta, sixty-six cases 


with a total of eighty-eight aneurysms having been found Phe 
favorite site is the root and ascending arch Next to the aorta, 
bdominal vessels, namely the superior mesenteric, the hepatic and 
splenic are attacked, and in these arteries mycotic infection is one of 
the most important causes of aneurysm. Intracranial aneurysms were 
found in only thirty-four cases, but the total number of aneurysms 
is high because of their multiplicity, particularly when small vessels 


vere involved. The middle cerebral and its distribution, particular]; 


he artery of the sylvian fissure was the most frequent situatior 
the intracranial aneurysms. The arms and legs were almo 
nvolved, the former in twenty-three and the latter in 

[he aneurysms in the extremities were found most 


rteries, the femoral and brachial. They are rare 


rteries as compared with the systemic, doubtless « 
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tive infrequency of right sided endocarditis. There were only six 
cases of aneurysm of the pulmonary artery and eight of its branches. 

Etiology.—Mycotic aneurysms of intravascular origin always occur 
in association with some underlying infectious process, usually situated 
within the cardiovascular apparatus. Rarely, they follow blood stream 
infections from other sources. In this series of 217 cases, there was 
evidence of endocardial disease in 187, the remaining thirty cases occur 


ring in connection with a variety of infections. 


rABLE 1.—Dtsrrisution or Mycotic ANEURYSMS OF INTRAVASCULAR ORIGIN 








Artery Number of Cases Total Number of Aneurysms 
Aorta = rh RS 
Innominate , 9 
Vertebral peedens l 1 
Basilar... . . —_— 4 
Internal carotid. - 3 3 
Anterior cerebral and main branches.......... 3 3 
Middle cerebral and main branches..... 3 
Posterior cerebral - a 1 
Posterior communicans......... 4 - 
Small unspecified intracranial. l 49+ (Numerous in 
BURGIRVIAR.... .ccccscesccs 1 two cases 
Axillary.... : 4 
Brachial ‘an 10 
Radial........... ‘ 3 
CTs wccces : a _ . 5 5 
Common iliac 5 7 7 
External iliac.. 
Interna! iliac... 
Gluteal.... - 
Femoral.... seeee 
Profunda femoris....... 
Popliteal..... 
Posterior tibial 
Coronary 
Superior mesenteric and branches. 
Splenic and branches............ ‘ 
Renal and branches.......... 
Hepatic and branches 
Pulmonary : —— 
Pulmonary branches.... ‘ ae a 31+ (Numerous in 
one case 
Total.... oe — ost 26 382+ (Numerous in 
three cases 


The type of endocarditis usually found is what is commonly called 
subacute infective or bacterial endocarditis, the endocarditis lenta of 
Schottmiiller, characterized by subacute or subchronic course, luxuriant 
vegetations on the heart valves, bacteremia and widespread embolism 
The aneurysms also occur, but less commonly, in other types of endo- 
carditis, varying from highly acute malignant forms of the disease 


to apparently quiescent lesions. The importance of true rheumatic 


endocarditis, except indirectly as it may offer a favorable site for the 
development of bacterial endocarditis, is undoubtedly small. In cases 
in which pathologic studies accompany the reports of aneurysms 
regarded as rheumatic, the findings have resembled more closely 
those of bacterial than those of rheumatic endocarditis.2° In a few 


26. Klotz: J. Path. & Bacteriol. 18:259, 1913. 
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of peripheral aneurysms with embolic phenomena, the course 
| outcome seemed to justify the diagnosis of rheumatism as opposed 
subacute infective endocarditis. 
In the cases without endocarditis, lung and bone infections have 
most often the source of the bacteremia. In ten cases there had 
n pneumonia, in three, septic lung infection, and in six, osteomyelitis. 
her sources of infection were believed to be cystitis, gonorrheal 
eumatism, infections of fingers and hands, phlegmonous angina, 
phoid fever, influenza and anthrax. 
Che case for typhoid fever and anthrax is not proven. Four cases 
f supposed typhoid aneurysms have been reported, two of the aorta, 
e of the hepatic artery and one of the femoral. In the aortic cases, 
reported by Gils and Hecker,” neither the diagnoses of typhoid 
ever nor aneurysm could be regarded as substantiated from the 
evidence presented. In the other two cases reported by Quincke ** 
nd Catheart,?® the diagnosis of typhoid was not established. Oliver’s 
se *° was the only one believed to be due to anthrax, based on the 
nding of rods and spores resembling anthrax bacilli in sections of 
he aneurysm. No cultures were made, nor did the clinical picture 
nd pathologic findings resemble those found in anthrax infections. 
Influenzal infections in the form of an influenzal endocarditis may 
iuse aneurysms, cases of this sort having been reported by Wein- 
berger,** Horder ** and Simons.** But whether or not the epidemic 
respiratory infection influenza ever causes aneurysm, is not so clear. 
Boinet ** has insisted that it does, but no definite relationship between 
he infection and aneurysms is evident in the cases cited by him. 
johnson ** recently reported a case of aneurysm of the hepatic artery in 
young man in whom symptoms of the aneurysm developed several 
onths after the attack of influenza. This case, by no means con- 
lusive, is the most suggestive thus far reported. It may be noted that 
onset of subacute infective endocarditis not rarely suggests influ- 
nza and the later development of aneurysm might, therefore, readily be 
‘tributed to this infection. There is some evidence that influenza may 


27. Gils: Arch. med. et de pharm. Militaires 22:102, 1893. Hecker: Deutsch 
lil.-arztl. Ztschr. 22:1, 1893 
28. Quincke: Berl. klin. Wehnschr. 8:349, 1871. 
Cathcart: Southern M. J. 2:593, 1909. 
Oliver: Lancet 2:1033, 1891. 
Weinberger: Ztschr. f. klin. Med. 62:456, 1907. 
Simons: Quart. J. M. 7:291, 1913. 
33. Boinet: Nouveau Traité de Medecine, Maladies des Artéres et de l’Aorte 
24:169, 1913. 
44. Johnson: Hospitalstid. 63:860, 1920. 
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hasten the development of an aneurysm in an artery previously affected 
Schelle * recorded a case in which rupture of an aneurysm of the 
descending aorta occurred during an attack of influenza. He believe 
the aneurysm had been present before the influenza, but that the rupture 
was due to the settling of the influenzal mycosis in the aneurysm 


Huchard ** observed rapid development of an aneurysm of the aort: 


in a patient with “gouty aortitis” during the course of an influenzal 
infection followed by pneumonia. 

Malaria was formerly regarded as a cause of aneurysm but this 
view is no longer held. Possibly, the irregular fever of endocarditis 
may have occasioned the belief. 

Age and Sex.—The age and sex of patients with mycotic aneurysms 
is determined by the age and sex incidence of the diseases giving rise t 
the aneurysms. The age was stated in 174 cases and is summarized by 
decades in Table 2. The youngest patient was 4 years old and th 


TABLE 2.—Ace or Patients ARRANGED RY Decapes 


Number of Cases 


14 
”) 


14 


1 
1 


oldest 78. Most cases occur during the second, third and fourt! 
decades. This is in marked contrast to syphilitic aneurysms whic! 
are found most often in the fifth decade. The sex was stated in 178 
cases, of which 121 were males and fifty-seven females. 
Bacteriology—tIn the cases with endocarditis, there has tsuall 
been little difficulty in demonstrating organisms in stained sections of 
the heart valves, and frequently they have also been found in the 
aneurysms. But apparently the arterial walls do not furnish so favor 
able a habitat for them as the heart valves for they tend to disappear 
from the aneurysms as the latter arrive at more chronic stages. Our 
Cases 1 and 2 illustrate the fact that organisms may be present in 
abundance, yet none are to be discovered in the aneurysms themselves 
The organisms most frequently recovered from blood cultures, 
cultures from the heart valves or from the aneurysms have been 
streptococci, mostly nonhemolytic types. Staphylococci and pneumo 
cocci have also been found a number of times. In at least three cases 
35. Schelle: Inaugural-Dissertation, Wiirzburg, 1893 
36. Huchard: J. Pract., p. 579, 1896. 
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e influenza bacillus has been cultured and once the gonococcus 
various rod forms have been seen in sections but have not been 
ultured. 

Pathogenesis —Mycotic infection of arteries from within, leading 
, aneurysm formation may occur in the following ways: (1) by the 
dgment of infected emboli in the lumina of vessels or in the vasa 
asorum; (2) by the settling of bacteria on the inner surface of a 
essel or in the vasa vasorum, and (3) by continuity or contiguity of 
nfection from the aortic or pulmonic valves. 

In the development of mycotic aneurysms beyond the aorta and tne 
ulmonary artery, emboli usually play an important part. The size 
. the vessel involved depends on the size of the embolus. Rarely, one 

is large enough to be caught at the bifurcation of the aorta, and in 
\itken’s case ** an infected embolus held there was believed to have 
given rise to an aneurysm. Eppinger has pointed out that mycoti 
embolic aneurysms are found in situations where emboli are most liable 
to lodge, namely, the bifurcations of arteries, places where the lumen 
rapidly narrows or where the vessel makes a sharp turn. 

Che part usually played by the embolus, so far as aneurysm for- 
mation is concerned, is that of bringing infection in contact with the 
vessel wall. The role was well demonstrated in a case reported by 

in which a soft riding embolus, partly in the femoral and partly 
in the profunda femoris but not obstructing either vessel, had given 
rise to beginning aneurysm of the femoral at the point where it lay 
in apposition to the wall of the artery. 

Mechanical injury of vessel walls by emboli is rarely, if ever, more 
than a minor factor in the production of aneurysms. We have cited 
above the more recent cases regarded as of purely embolic origin and 
called attention to the inconclusiveness of the evidence in support of 
that view. 

\neurysms due to emboli carried through the vasa vasorum are 
usually found in the ascending arch of the aorta or nearby. Typical 
cases have been reported by Osler,? Eppinger,® and J. McCrae,®* and 
thers. The location of the aneurysms and the close proximity of 
ortic valve vegetations to the mouths of the coronary arteries in such 
ases suggests the view that tiny emboli are carried through the 


onary arteries to the twigs supplying the region of the ascend 


ng arch. 
Almost invariably, mycotic embolic aneurysms in the systemic 
rteries are associated with left sided endocarditis and in the pul 
37. Aitken: Brit. M. J. 1:1655, 1898 
38. Pel: Ztschr. f. klin. Med. 12:327, 
39. McCrae: J. Path. & Bacteriol. 10:373, 1904-1905. 
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monary arteries with right sided endocarditis. Entz,* however, reporte 
a case of aneurysm of the pulmonary artery in which there was onl 
mitral endocarditis. An embolus was believed to have been detache 
from the mitral valve, and to have traveled through a patulous ductu 
botalli to the pulmonary artery. Beatty and Halli*' observed a cas 
with an obscure septic infection, femoral venous thrombosis, and sign 
of pulmonary embolism. At the necropsy aneurysms were found it 
branches of the pulmonary artery and it was suggested that embolisn 
had occurred from the venous thrombosis, although an organize 
thrombus was found in the right ventricle so that the direct source oi 
the pulmonary embolism remained uncertain. 

Direct infection of the inner surfaces of arteries by bacteria circu 
lating in the blood stream is very rare. Uninjured intima is extremely 
resistant to infection. Clutton and Dudgeon,** Edenhuizen* and 
Merke,** in their cases of aneurysm, favored the view that infection of 
the artery had occurred in intimal defects due to preexisting arterio 
sclerosis. The aneurysms were situated in the midst of patches oi 
arteriosclerosis. Merke found, in addition to aneurysms, verrucose 
deposits on calcified plaques. Ruge*® was unable to decide in hi 


case of coronary aneurysm whether infection had begun on th 


inner surface of the artery or in the vasa vasorum. Moriani ** found 
plugs of diplococci within the vasa vasorum, and he believed that 
infection had arisen by that route in his case. Jordan *’ also believed 
that the infection, in the aneurysm of the aorta observed by him, had 
arisen through the vasa vasorum. 

Aneurysms due to continuity or contiguity of infection from hear" 
valves occur in the beginning portion of the aorta and the pulmonary 
artery. In these situations they are found more often than any other 


type of mycotic aneurysms. It is often impossible to tell which of the 
two has been responsible for the arterial involvement. Infection by) 
continuity spreads from an aortic or pulmonary valve onto the vessel, 
producing first an endarteritis, and later, by penetration of infection 
to deeper layers, an aneurysm. Infection by contiguity is carried 
directly from the valve to the vessel by the slapping of the infected 
valve against the artery wall. Trauma may aid in the transfer of 


40. Entz: Pester med.-chir. Presse 47:293, 1911. 

41. Beatty and Hall: Proc. Roy. Soc. Med., London, Path. Section, p. 147 
1912. 

42. Clutton and Dudgeon: Lancet 1:556, 1908. 

43. Edenhuizen: Frankfurter Ztschr. f. Path. 16:150, 1914. 

. Merke: Schweiz. med. Wchnschr. 7:122, 1920. 

45. Ruge: Deutsch. Ztschr. f. Chir. 80:150, 1905. 

46. Moriani: Quoted from abstract in Centralbl. f. allg. Path. u. path. Anat 
21:427, 1910. 

47. Jordan: Lancet 1:515, 1903. 
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infection. Libman** believes that the impact of a valve containing 
alcific material against the aorta, even in the absence of infection may 

use a small aneurysm. 

Whether or not aneurysm formation will occur following infection 

an artery depends on the extent and degree of destructiveness of 

e inflammation. If it remains localized to the intima, there may be 
ulceration but no aneurysm. If it begins in the deeper layers, there 
may be merely areas of necrosis or abscess formation. Yielding 

he vessel is dependent on destruction of the elastic tissue, particularly 
he internal elastic lamina. If destruction of tissue is very rapid, 
perforation may occur before the vessel has had time to yield, and there 
may be free hemorrhage or the formation of a false aneurysm. 

Infective lesions may occasionally be indirectly concerned in the 
formation of aneurysms. In cases reported by Gilewski,*’ and others, 
aneurysms of the pulmonary artery have followed a high grade mitral 
stenosis of rheumatic origin. Hart *® reported an aneurysm of the 
right sinus of Valsalva with thin translucent walls. He regarded the 
aneurysm as due to the loss of elasticity in the valve which was the 
seat of an old inflammation, Kraus ** also reported an aneurysm in the 
right sinus of Valsalva, which he ascribed to lack of support from 
the septum which had been weakened by an old ulcerative lesion just 
below the valve. 

Pathology—Mycotic embolic aneurysms are found most often in 
hose cases of infective endocarditis with particularly luxuriant and 
ragged vegetations on the heart valves. Widespread embolism is usually 
a feature of these cases, and often other arteries are plugged with 
emboli beside those in which aneurysms are present. Infarcts in the 
spleen or kidneys, or both, have also been observed in most cases. 
Occasionally, at necropsy, emboli can still be found in the aneurysms, 
and in a few cases it has been possible not only to show their 
resemblance to vegetations on the heart valves but also to find the 
places from which they were detached. In most cases, the embolus 
can no longer be found, probably because of disintegration. 

Since most mycotic aneurysms occur before the age of 40. it is 
usual to find the vascular apparatus in excellent condition, except for 
the localized mycotic lesions. Many writers have commented on the 
fact that the arteries in their cases appeared normal until one came 
m an area of ulceration or an aneurysm with sharply delimited edges. 


48. Libman: Am. J. M. Sc. 144:313, 1912. 

49. Gilewski: Wien. med. Wchnschr., p. 524, 1868. 

50. Hart: Virchows Arch. f. path. Anat. 182:167, 1905 
51. Kraus: Berl. klin. Wchnschr. 39:1161, 1992. 
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This abrupt transition from normal artery to aneurysm is in striking 
contrast to the condition of the vessels in the neighborhood of syphilitic 
aneurysms. 

On account of their widespread incidence throughout the body with 
different types of tissues surrounding them, and the wide range in the 
acuteness and destructiveness of the inflammatory processes present, 
mycotic aneurysms vary greatly in size, appearance and other char- 
acteristics. As a rule, they are much smaller than syphilitic aneurysms. 
It is rare even in the largest vessels to find one bigger than a walnut, 
except in the case of false aneurysms, which may be much larger. In 
the small vessels of the brain, they may be the size of a millet seed 
or a split pea or even smaller. Often they will not be found unless 
specially looked for, on account of their minute size or owing to the 
fact that their thin walls have become practically disintegrated. 

Owing to the destructiveness of the inflammatory processes, mycotic 
aneurysms are prone to rupture. To this fact, and also the rup- 
ture of arteries even before aneurysm formation, is due the large 


number of false aneurysms found with their sacs consisting of com- 
pressed perivascular tissue or sometimes with a layer of adventitia 


partially surrounding a hematoma communicating with the lumen of a 
This type of aneurysm is found most frequently in the 
In such locations as the brain, the abdominal 


vessel. 
peripheral arteries. 
cavity or the arch of the aorta, rupture of an arterial wall is much more 
liable to be followed by free bleeding, so that the ventricles of the 
brain, the pericardium, a pleural sac or the peritoneal cavity may be 
found filled with blood. But even in the mesenteric artery there may 
be a tiny perforation and the formation of a false aneurysm. 

In the aneurysms caused by infection from the heart valves, one is 
liable to find the same type of inflammatory process in the arterial wall 
as in the valves. Frequently, vegetations have been observed growing 
about the edges or in the depths of aneurysms; sometimes they are so 
luxuriant as actually to fill the sac. As a rule, there is little or no 
pus formation, but the disintegration of the vessel wall may be fairly 
rapid, and attempts at repair are pretty much in abeyance. However, 
in the less active subchronic types of inflammation, reparative processes 
are more in evidence and the wall of the aneurysm may be definitely 
thickened as in our Case 1. The aneurysms occurring in bacteremias 
not associated with endocarditis tend to be more acute and abscesses of 
the artery wall are more often found. In Vanzetti’s ** case and also 
in others, the walls of the abscesses that had given rise to the aneurysms 


52. Vanzetti: Quoted from review by O. Barbacci, Centralbl. f. allg. Path 


path. Anat. 19:984, 1908. 
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vere still present. In these cases the inflammatory process is usually 
ighly destructive and quickly causes disintegration of the arterial wall 
ind perforation. 

The intima is usually intact to the edge of the aneurysm and 
ceasionally covers the margin and extends a short distance into the 
lepth of the aneurysmal sac. It is never found intact over the floor of 
in aneurysm during the active inflammatory stage. Occasionally, when 
infection begins in the depths of a vessel, there may be rupture of the 
intima with the formation of a mere slit entirely concealing the 
ineurysm underneath (Osler,? J. McCrae**). The combination of 
endarteritis, ulceration and small aneurysms seem in some cases, par- 
ticularly in the aorta, may give the vessel a moth eaten appearance 
( McNeill **). 

Various stages of the inflammatory process may be found in 
different parts of the aneurysm, such as healing on one side and 
recrudescence of infection on the other, leading to enlargement of the 
sac or to rupture. In cases of multiple aneurysms, destructive processes 
may predominate in one aneurysm and reparative processes in another. 
Che type of healed mycotic aneurysm described by Eppinger * in which 
the floor of the sac has been covered over by a smooth lining membrane 
continuous with the intima is apparently very rare, although it had 
occurred in our Case 2 and to a certain extent in our Case 1. In 
peripheral arteries, if healing takes place, there is liable to be an 
bliteration of the aneurysmal sac and the lumen of the artery as 
well. In Sanne’s case calcification of the edges of the aneurysm 
occurred. 

In spite of the tendency of mycotic aneurysms to rupture, arterio- 
venous aneurysms have been described only by Simmonds,** Libman *° 
and Floyd.*® In Simmonds case there was an aneurysm of the aorta 
near the bifurcation with a sac that had ulcerated into the right iliac 
vein. Libman found a communication between the sac of a femoral 
aneurysm and the femoral vein. In this case the diagnosis of arterio- 
venous aneurysm was made clinically. Floyd’s case was quite similar to 
Libman’s. 

Erosion of bone has been reported, so far as we are aware, only 
once. In this case, described by Libman,?° an aneurysm of the femoral 
artery eroded the femur. 

Histology.—The histologic pictures vary as widely as the gross 
appearances. The most characteristic findings are loss of the intima, 
lestruction of the elastic tissues, particularly the internal elastic lamina, 


McNeill: Southern M. J. 7:540, 1914 
_ Simmonds: Miinchen. med. Wehnschr., p. 627, 1904 
5. Floyd: Surg., Gynec. & Obst. 33:560, 1921 
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and acute or subacute periarteritis and mesarteritis. In the more acute 
cases micro-organisms are often found in enormous masses. 

In some cases the transition from uninvolved vessel to the aneu 
rysmal process is abrupt. In others, undermining of the inflammatory) 
process is found out into the vessel wall that grossly appears normal 
The intima may be flush with the edge of the aneurysm, destroyed for 
a distance beyond the dilated area or, on the other hand, may be found 
extending down a short way into the aneurysm. The elastic tissue is 
always badly damaged and the internal elastic lamina is destroyed 
(Fig. 3, Case 2). Apparently, it is weakened by the infection and 
finally ruptures. The media muscularis may be destroyed either par 
tially or completely; complete destruction occurs more frequently in 
the smaller arteries. The changes in the adventitia vary from com- 
paratively little damage to complete destruction with the wall of the 
aneurysm formed by perivascular tissues. 

In the more acute aneurysms, there may be marked infiltration with 
polymorphonuclear leukocytes ; microscopic abscesses are not uncommon. 
In some cases, such as those of Moriani,*® Klotz 2° and McNeill ** the 
inflammatory process seemed to be centered particularly about the 
vasa vasorum. When the inflammation is less acute, the cellular 
infiltration may consist of small round and plasma cells which are seen 
especially in the adventitia and about the vasa vasorum. Often there 
are many fibroblasts. At a later stage the artery structure is lost 
and the wall of the aneurysm consists mainly of fibrous tissue. Areas 
of poorly staining hyaline-like material are found and there may be 
calcification. The vasa vasorum tend to be thickened and some are 
entirely obliterated. Fragments of elastic tissue may still be present. 
Our Case 2 is probably the best instance of repair of a mycotic 
aneurysm thus far described. 

Clinical Manifestations and Diagnosis——Usually patients are already 
under medical observation before the development of mycotic aneu- 
rysms, on account of illness, due either to infective endocarditis or 
some other serious infection. Thus in many cases reported, there 
has been opportunity to note from the beginning whatever clinical 
phenomena presented themselves. 

In the vessels of the extremities or other superficial arteries where 
it is possible to study the clinical course of the aneurysms, the most 
striking feature observed has been their rapid evolution. The onset 
may occur in a variety of ways. Most frequently the phenomena of 
embolism are observed first and then in the course of a few days to 
several weeks aneurysm develops. Embolism, though present, may 
be overlooked and the condition of the vessel not suspected until a 
pulsating tumor has manifested itself. Attention is sometimes directed 
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) a part by pain; on examination there may be only slight swelling 
tenderness. Such cases have been mistaken for phlebitis (as in 
r Case 3), but when tumor and pulsation develop, the error is easily 
ognized. 
Some of the aneurysms rapidly go on to rupture so that the entire 
‘ourse from the beginning of symptoms may last only a week or two, 


uit more often rupture does not occur for several weeks. In peripheral 


irteries, it may be manifested clinically by rapid enlargement of the 
tumor which tends to become somewhat boggy and indistinct in outline. 
lly 
becomes tense and painful. In the cases that do not go on to rupture, 


Pulsation may still be present. With free rupture, the swelling usua 


he aneurysmal process may become quiescent or apparently healed with 
persistence of the tumor and pulsation, as in our Case 4, or as in our 
ase 3 and Unger’s * case, the clinical evidences may disappear entirely. 

Pain, especially during the period of development of the aneurysm, 

iy be severe, and the part affected may be hot and tender, but these 
symptoms tend to subside as the process grows older. The tumor in 
the larger vessels is often stated to be the size of a hen’s egg or even 
larger, but the aneurysms themselves are usually smaller, the mass 
being made up partly of the surrounding inflamed tissues or sometimes 
of a hematoma about the aneurysmal sac due to a small rupture. 
Expansile pulsation is present, often even in false aneurysms. Pulse is 
usually absent distal to the aneurysm. The circulation in the tissues 
supplied by the artery affected may be interfered with seriously, but 
gangrene has been reported in surprisingly few cases. 

When superficial arteries are affected, the diagnosis is easy in typical 
cases. The development of localized tumor and characteristic pulsation 
along the course of an artery and blockage of blood flow distal to the 
tumor, occurring in a patient with a septic type of infection, particularly 
endocarditis, is scarcely to be mistaken for any other condition. It 
may not be possible to differentiate between true and false aneurysms, 
but this is of no particular clinical importance. In the early stages, the 
condition may escape detection or, as stated above, be mistaken for 
venous thrombosis. 

In mycotic aneurysms of the thoracic or abdominal arteries, it is 
exceptional for signs to develop from which the diagnosis can be made 

r even suspected. This is to be expected, in view of the small size of 
most of the aneurysms. The first intimation of the condition may be a 
sudden fatal hemorrhage and commonly it is, as Jordan found in his 
case “a post-mortem surprise.” 

Out of sixty cases in which the root or arch of the aorta has been 
found at necropsy to be the seat of mycotic aneurysms, our Case 1 is 
the only one in which a clinical diagnosis was made. The reasons for 
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this diagnosis have been discussed above. In Sanne’s * case, a diag- 
nosis of dilatation of the arch was made and in Lauenstein’s * case, 
there was believed to be inflammation of the beginning of the aorta 
but not aneurysm. A clinical diagnosis was made by Baginsky ** in 
his case of abdominal aortic aneurysm. The patient developed a 
pulsating mass in the midabdomen over which a bruit could be heard, 
previous to which she had shown evidences of septic infection and 
embolism in the right subclavian artery. In Alexejew’s ** case, there 
was a palpable pulsation under the umbilicus and the pulse in the left 


9 


femoral artery was smaller than in the right. 

There are to be found in the literature clinical reports of about 
twenty cases in which the diagnosis was made of aneurysm of the arch 
of the aorta due to acute rheumatism or chorea. These observations 
are encountered principally in the French literature, but there are a few 
from this country and also from Germany. The aneurysms are 
described as occurring mostly in children or young adults with aortic 
regurgitation and a history of one or more attacks of rheumatism or 
chorea. In some of the cases there was thought to be diffuse dilatation 
of the arch and in others localized ectasis. It is unfortunate that among 
the patients who died, no necropsies were made. In view of the degree 
of simple dilatation of the arch that may develop merely as the result 
of aortic regurgitation, particularly in the young, the diagnosis of 


aneurysm should be accepted with great caution in such cases, if at all. 
The most convincing case of the group is the one reported by Bernert °° 


in which signs of endocarditis were limited to the mitral valve and 
the fluoroscope showed spherical dilatation and pulsation of the descend- 
ing arch. 

Aneurysmal dilatation of the pulmonary artery was diagnosed clin- 
ically and the diagnosis confirmed at necropsy in cases of mycotic infec- 
tion of the vessel by Buchwald *® and Salen." In Salen’s case, the 
roentgen ray showed dilatation of the pulmonary artery, but in Buch- 
wald’s case, the diagnosis was made on the clinical findings alone. 

Mycotic aneurysm of the mesenteric artery has been diagnosed 
several times, based on the finding of a pulsating tumor that either 
could be pushed about the abdomen or might be found first on one side 
and later on the other, occurring in a patient with infective endocarditis. 
A bruit over the tumor has also been found of diagnostic value. In 
one case, masses felt per rectum proved to be mesenteric aneurysms.”° 

56. Sanne: Rev. Mens. des mal. de l’enf. 5:56, 1887. 

Lauenstein: Deutsch. Arch. f. klin. Med. 17:242, 1876. 
Baginsky: Berl. klin. Wehnschr. 1:144, 1908. 
Alexejew: Quoted from Le Boutillier, Am. J. M. Sc. 125:778, 1903 
ternert: Ztschr. f. klin. Med. 69:121, 1909-1910. 
61. Salen: Acta Med. Scand. 55:631, 1921. 
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(ne patient was operated on for supposed ruptured gastric ulcer and 
. bleeding mesenteric aneurysm was found.** In another case, mesen- 
teric aneurysm was mistaken for abdominal aortic aneurysm 

No clinical diagnosis of mycotic aneurysms involving the other 
abdominal visceral arteries has been reported. In hepatic aneurysms the 
symptoms of pain over the region of the liver, jaundice and bleeding 
nto the gastro-intestinal tract have been observed. The occurrence of 
hese symptoms in a patient with a septic infection should strongly 
suggest the possibility of mycotic aneurysm of branches of the hepatic 
rtery within the liver. 

Intracranial mycotic aneurysms have not been diagnosed clinically. 
In many Cases, no symptoms were discovered that could be related to 
the aneurysms found at necropsy. Clinical signs, when present, have 
been merely those of embolism, intracranial hemorrhage or both. 

Treatment.—Possibility of treatment is limited almost entirely to the 
aneurysms involving superficial arteries, although in a case reported 
by Stern,"? a mycotic mesenteric aneurysm was successfully operated on 

The line of treatment to be adopted should be chosen with due 
regard to the character of the underlying infection. When the infection 
was mild or had already subsided, ligation of the artery affected or 
extirpation of the aneurysm has been performed several times, appar- 
ently with good results, but at least one fatality has been recorded 
incident to operation in such a case. In the cases of typical subacute 
infective endocarditis with its practically hopeless prognosis, attempts 
at therapy should be directed mainly toward the comfort of the patient. 
This can often be best secured by avoidance of operative measures 
Under such a regimen as rest to the part, local applications and 
sedatives as required to relieve pain, the aneurysms will sometimes 
retrogress or disappear entirely (as in our Case 3). The old treatment 
of compression of the artery above the aneurysm has been beneficial in 
some cases. Operation may be necessary for the relief of pain or for 
rupture of the aneurysm. It may also be advisable if the aneurysmal 
process continues to progress or threatens to rupture. For the most 
part, the results of operation have not been very satisfactory. A con- 
siderable number of patients have died as a result of the operation or 
their death has apparently been hastened by it and even those who 
recovered with a good local result usually died within a short time from 
their cardiac infection. 

SUMMARY 


Three unquestionable cases of mycotic aneurysms of intravascular 


origin and one in which this diagnosis is probable, are reported. The 
following noteworthy features were exhibited by these cases: 


62. Stern: Beitr. z. klin. Chir. 57:315, 1908 
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1. Case 1 is the first to be recorded in which a clinical diagnosis 
of mycotic aneurysm of the arch of the aorta was confirmed at necropsy. 

2. The aortic aneurysm in Case 2 was healed with replacement of 
destroyed media and intima by a thin layer of young connective tissue 
covered over by newly formed endothelium which had grown out from 
the intima at the edges of the aneurysm. 

3. In Case 3, all clinical evidences of an unmistakable femoral 
mycotic aneurysm disappeared. 

4. In Case 4, there was a violently pulsating but symptomless 
aneurysm of the innominate artery that appeared to be healed, in a boy, 
aged 18, without any evidences of syphilis, but with a history of acute 


rheumatism and an attack of fever with cardiac involvement. 

The cases of mycotic aneurysm of intravascular origin have been 
collected from the literature * and on the basis of this material and our 
own, the etiology, pathology and clinical manifestations of the condition 


are discussed. 


63. A complete list of references appears in the reprints. 





ISTRIBUTION OF SUGAR IN WHOLE BLOOD, PLASMA 
ND CORPUSCLES; PERMEABILITY OF RED BLOOD 
CORPUSCLES FOR SUGAR IN DIABETIC 
AND NONDIABETIC CASES * 


HENRY J. JOHN, M.D. 


CLEVELAND 


\ study of the literature pertaining to the distribution of sugar in 
blood shows a decided divergence of opinion among different 
vestigators. 
Cachau * found that there was always a higher percentage of sugar 
n plasma and a smaller percentage of sugar in the corpuscles than in 
le blood. Ina report of their work on the permeability of the red 
od corpuscles to sugar, Gradwohl and Blaivas * make the following 
statement: “When the alimentary hyperglycemia begins and sugar is 
hrown into the circulation in increased quantity, it is first dissolved in 
sma and penetrates the corpuscles secondarily. As the hyperglycemia 
eclines, the sugar content of the plasma goes down and the corpuscles 
hen throw their sugar in excess into the plasma. Tachau attempts to 
explain by this line of reasoning why it is that in the presence of a 
leclining hyperglycemia of alimentary origin the serum loses its sugar 
ind, strange to say, the corpuscles then hold more sugar than the 
plasma.” The conclusions of Gradwohl and Blaivas were based on 
twenty-four examinations. They found that the amount of sugar in 
asma, in whole blood and in corpuscles was nearly the same. They 





nelude that their studies, which agree with the work of Tachau, seem 
disprove some of the theoretic views of the older physiologists 
ho held that a part of the sugar in the blood was in a state of loose 


bination with some other substance. This obsolete idea had 


previously been shattered by the work of Rona and Michaelis,? who 


wed that the blood sugar is in a state of solution and that when 


ited blood is shaken with certain colloids, such as ferric chlorid or 


lin, the proteins form a colloidal combination and are absorbed. The 
teins can be precipitated quantitatively by the addition of a trace 
n electrolyte, but no trace of sugar is removed from the solution 
his treatment. If the sugar were united with the proteins it would 
arried down with them, and as the reagents used cannot have any 
*From the Cleveland Clinic. 

Tachau, H Ztschr. f. klin. Med. 79:421, 1914 

Gradwohl, R. B. H., and Blaivas, A. J.: J. Lab. & Clin. Med. 2:416, 191¢ 

Rona and Michaelis: Biochem. Ztschr. 16:489, 1909; 18:514, 1909 
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disruptive effect, the proof is complete that it is not possible for 
sugar to exist in combination with the proteins. 

Cammidge * states that further evidence of the existence of dextros 
in the blood in a free state is furnished by the observation that 
although charcoal when shaken with a solution containing both sugar 
and protein absorbs these two substances, it absorbs only the protein 
when acetone is present. That is, the acetone, being more capable o/ 
absorption than the dextrose, prevents the latter from being taken up by 
the charcoal. Further evidence of this conclusion is also furnished | 


the results of dialysis experiments. 
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Masing * has shown by exhaustive experiments that when sugar 
Ided to a quantity of blood in vitro the corpuscles first take up the 
sugar but later give it up so that most of the sugar is finally fow 
in the plasma. This is a confirmation of the work of Rona® and 
the earlier work of Masing himself. Masing showed further that th 
addition of sugar to blood was followed by the slow entrance of sug 
into the corpuscles at O C. and by a more rapid entrance at 25 C., this 
entrance being hindered markedly by a high temperature. Masing als 
showed that treatment of corpuscles with liquor formaldehydi enhanced 
their permeability for sugar. 


4. Cammidge, P. J.: Glycosuria and Allied Conditions, Longmans, Gre 
& Co. 1913, p. 19. 

5. Masing, E.: Arch. f. d. ges. Physiol. 149:227, 1912 

6. Rona and Doblin: Biochem. Ztschr. 34:215, 1911 
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Bailey * concludes that blood sugar is divided equally between 1! 
plasma and the corpuscles, and that the sugar in the corpuscles bea: 
a direct relation to that in the plasma. Wishart* finds that normal); 
the concentration of sugar in the corpuscles is a little below that in the 
plasma. This discrepancy becomes greater as the amount of blood 
sugar rises. She did not confirm the statement that in the declining 
stages of hyperglycemia the corpuscles retain their sugar longer than 
the plasma; and explains the lower sugar content in the corpuscles 07 
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Chart 1.—Comparison of the corpuscular sugar in diabetics and in no: 
diabetics. The solid black and the shaded columns indicate the number 
nondiabetic and of diabetic cases, respectively, in which the corpuscular sugar 
was increased or decreased as compared with the sugar content of the plasma 
The cases were grouped according to the percentile increase or decrease as 
noted at the top of the chart. The sum total of the increases and decreases i! 
each type of case is shown by the black and shaded columns at the right of th 
chart. 


the ground that sugar is more soluble in the plasma than in the cor 
puscle substance, owing, no doubt, to the lipoidal content of the latte: 


7. Bailey, C. V.: Arch. Int. Med. 283:455 (April) 1919. 
8. Wishart, M. B.: J. Biol. Chem. 44:563, 1920. 
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The group of cases reported here consists of a series of diabetic 


and nondiabetic subjects on whom glucose tolerance tests were made. 
In each case enough blood was taken to allow for estimations of the 
blood sugar in the plasma and corpuscles as well as in the whole blood. 
[he corpuscles were not washed. The blood was centrifuged at high 
speed for fifteen minutes after which the plasma was drawn off and 
1 cc. of the corpuscles was taken for sugar estimation. Myers’ 
modification of Benedict’s method of blood sugar estimation was used, 
the readings being made by means of the Kober colorimeter. In all of 





¢ $810 18 20 #8 30 S68 40 4580 ahave 








Chart 2—Comparison of the sugar content of whole blood in diabetics and in 
nondiabetics. The increase or decrease as compared with the sugar content of 
he plasma is indicated as in Chart 1. 


our blood sugar studies the plasma content has been taken as the 
standard, the estimations of the sugar content of the whole blood and 
of the corpuscles being compared with this. Thus, any reported increase 
or decrease in the sugar content of the whole blood or of the corpuscles 
means an increase or decrease as compared with the plasma sugar 

A comparison of Tables 1 and 2, as illustrated in Chart I, shows that 
in nondiabetics the average increase in the corpuscular sugar is approxi- 
mately equal to the average decrease, while in diabetics, in the majority 
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of cases, the corpuscular sugar was decreased. This means that the 
red blood corpuscles of the nondiabetic may contain either more or 
less sugar than the plasma, while in the diabetic, on the other hand, the 
corpuscle sugar content is less than the plasma content, higher corpuscle 
sugar content being exceptional. 

The fact that the sugar content of the corpuscles of a nondiabetic 
is greater than that of the plasma is rather interesting, as in most 
reports it is stated that the “corpuscular sugar is below that of the 




















Chart 3 Chart 4 


Charts 3 and 4.— Comparison of the glucose tolerance curves of plasma 
and of corpuscles in nondiabetic cases. The upper curve (“corp. exposed”) 
shows the changes in the sugar content of the same corpuscles as those used 
for the lower curve, after exposure to 1,000 mg. per hundred cubic centimeters 
normal solution for a period of two hours 


plasma,” no differentiation having been made between diabetic and 
nondiabetic patients. 


The studies of the sugar content of whole blood (Chart 2) repre- 
sent the midway stage between the sugar content of the plasma and 
the corpuscular sugar. This chart and Tables 1 and 2 show that in 
nondiabetics the average increase in the sugar content of whole blood 
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is greater than the average decrease, while in diabetics the reverse is 
true, whole blood sugar content being usually decreased. 
From these data one would conclude that in the nondiabetic the 


blood sugar is distributed about equally between the corpuscles and 
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Chart 5.—Comparison of the glucose toleran 
rpuscles in nondiabetic cases. The upper curve 

e changes in the sugar content of the same corpuscles 
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lution for a period of two hours. 
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the plasma; while in the diabetic, on the contrary, the corpuscles con- 

in less sugar than the plasma which surrounds them. 
vhich presents itself, therefore, is this: 
17 


The question 
Does this mean that the red 
ood corpuscles in the diabetic are less permeable to sugar than the 
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plasma ; has the corpuscle membrane been injured in some way so that it 
is less permeable to sugar just as the renal membrane in untreated cases 
of diabetes become less permeable to sugar? In attempting to answer 
this question, my @ priori reasoning was as follows: 

If one were to take the red blood corpuscles of a diabetic and those 
of a nondiabetic, and were to suspend each in a hypertonic solution of 
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Chart 6 Chart 7 


Charts 6 and 7—Comparison of the glucose tolerance curves of plasma and of 
corpuscles in diabetic cases. The upper curve (“corp. exposed”) shows 
the changes in the sugar content of the same corpuscles as those used for the 
lower curve, after exposure to 1,000 mg. per hundred cubic centimeters normal 
solution for a period of two hours. 


sugar in physiologic solution of sodium chlorid to insure isotonicity, 
what would happen? If the red blood corpuscles of the diabetic are 
less permeable to sugar than the plasma, it is logical to suppose that at 
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a sugar estimation was made. The results of the experiment are show: 
in Charts 3 to 9 and in Tables 3 and 4. As the charts show, with the 
exception of Case 3, the sugar content of the corpuscles of the diabetics 
after exposure to glucose solution rose to a much higher level than in 
the corpuscles of the nondiabetics. An analysis of Case 5 shows that the 
blood sugar curve (glucose tolerance) returned to the normal level at 
about the end of the third hour (Chart 5) 


In this case, therefore, we 
were dealing with a decreased tolerance, or, in other words, with 
prediabetic * rather than with a true diabetic 
[ am unable to explain this difference between the blood of the 
diabetic and that of the nondiabetic cases. \ll I can do is to state the 
fact that in the blood stream of the diabetic the red corpuscles contain 
] 


less sugar than the surrounding plasma, and in a strong sugar solution 
take up more sugar than do the red corpuscles of the nondiabetic 


It is my hope that further work may offer an explanation of this 
phenomenon. 


CONCLUSIONS 


1. In nondiabetics, after the ingestion of glucose, the sugar in the 
corpuscles may be either increased or decreased as compared with the 
plasma content, the tendency to an increase slightly predominating. 

? 

‘ 


i 


In diabetics the sugar in the corpuscles is practically always 
ecreased below the plasma content. 

3. On exposure of the red blood corpuscles of nondiabetics to a con 
centration of 1 gm. of glucose in 100 c.c. of physiologic sodium chlorid 
solution for two hours, the corpuscles take up less sugar than the cor- 
puscles of the diabetics which have been treated in a like manner. 
9. John, H. J.: The Prediabetic Stage, Ohio 


State M. J. 17:826, 1921 
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lables 1 and 2 are numerical tabulations of the charts and show it 
comparative percentages the downward blood pressure variation of th 
different types from sthenic to asthenic. 
Che bracketed percentages indicate the groups selected for analysis 
lables 3 and 4) and represent the central portions of the incidence 
curves, the extremes of the incidence in the high and low pressures 
being discarded. 


rABLE 4.—Femaces: ArITHMETICAL AVERAGES OF CENTRAL Groups 
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Tables 3 and 4 show arithmetical averages for the large central por 
tions of the blood pressure incidence of the different types, and a further 
separation into groups for age. 

There is no significant blood pressure variation between the type> 
associated with their age variation 

There is a definite, though very small, direct correspondence in body 
surface variation and the decreasing pressure between the types. 

lable 5 compares the type percentages in my group to the pet 
centages of a group of 1,000 gastro-intestinal cases, as given by Mills 

3. Mills, R. W lwo Tables Pertaining to the Incidence of Bodily Habit 


e Time of Complete Gastric Motility in Different \ Habitus 
Roentgenol. 9:731 (Nov 1922 





fhe variation in the type percentages between the mal 
ale groups suggests that the commonly accepted difference 
le and female blood pressure is due to the predominance 
sthenic type among females, which increases the incidence of 
pressures and hence lowers the averages 
Tables 6 and 7 show in comparative percentages the incidence 
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SUMMARY 
In a group of 417 factory workers the blood pressure is analyzed 
lor its relation to bodily habitus. In this group the sthenic habitus is 
ccompanied by a higher blood pressure than is the asthenic habitus 
lhe pressure accompanying the hyposthenic habitus is intermediate 


4. Boothby, W. M., and Sandiford, Rk. B Nomograpl 
lculation of the Metabolic Rate by the Gasometer Method, Bos 


:337 (Sept. 22) 1921. 
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he average blood pressures are approximately the same for the 
and female asthenics, being 106.8 mm. systolic and 63.3 mm 


lic tor the males and 105.7 mm. systolic and 68.2 mm. diastoli 


iasto 
r the females. 

The pressures for the hyposthenic groups are also approximatel) 
he same, 116.3 mm. systolic and 71.7 mm. diastolic for the males and 


115.6 mm. systolic and 72.3 mm. diastolic for the females. The sthenic 


group shows a higher pressure for the males, 126.3 mm. systolic and 
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78.7 mm. diastolic, compared to that of the females 118.4 mm. systolic 
and 73.4 mm. diastolic. 

These relations do not change when the types are separated int 
groups for age decades, 

Vhere is a very small direct correspondence between the types for 
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HEMOGLOBINURIA IN HEMOLYTIC JAUNDICE* 


HERBERT Z. GIFFIN, M.D. 


ROCHESTER, MINN. 


My purpose in presenting this paper is to supplement the evidence 
in favor of the occasional occurrence of spontaneous hemoglobinuria in 
hemolytic jaundice. Three cases of this type in which the diagnosis of 
hemolytic jaundice is well established and an occasional case of question- 
able diagnosis have been reported in German and French. However, 
I have been unable to find a case reported in the English literature. In 
view of the rarity of the condition and the interesting phenomena 
which are associated with the mechanism of hemolysis, the case which 
[ shall report is of more than ordinary interest. 


REPORT OF CASE 


History —Mrs. A. F. (Case A 354493), an extremely pale, somewhat jaun- 
diced, short, stout woman, aged 32 years, presented herself for examination 
in April, 1921. She had enjoyed unusually good health until she had suffered 
1 moderately severe attack of influenza three and one-half years before. Con- 
valescence had been protracted but seemed to be complete, with the exception 
of pallor and probably slight icterus. Nine months before, she had become 
lefinitely weaker and more anemic and dyspneic on exertion. Six months 
before, she had had an attack of diarrhea and vomiting. In one week, she 
developed marked jaundice and began to pass highly colored urine. The stools 
were said to have been of normal color. She improved somewhat on medical 
treatment at her home. but for the last few weeks she had been more anemic 
and more jaundiced. Her appetite had remained good, in fact her weight had 
gradually increased. On two or three occasions, without apparent cause, fol- 
lowing a day or two of weakness, depression, headache and increasing jaundice, 
he urine had become dark for a day or two. 

Examination—The patient was obese, weighing 186 pounds, and very 
anemic; her skin had a lemon yellow hue. The liver and spleen did not seem 
to be enlarged; examination was difficult, however, because of the patient's 
yhesity. Examination of the eyegrounds showed somewhat dilated and tor- 
tuous veins, and one or two rather large irregular hemorrhages in the periph- 

; not however, the type of hemorrhage usually seen in pernicious anemia 

hemoglobin was 25 per cent., the erythrocytes were 1,060,000, giving a 

lor index of 1.1; the leukocytes were 3,800. A relative lymphocytosis was 

present, and an occasional normoblast. There were slight anisocytosis and 

poikilocytosis. The blood picture was suggestive of pernicious anemia. How- 

‘ver, there was no glossitis: two test meals showed slight hyperacidity and 
the neurologic examination was entirely negative. 

In the absence of characteristics of pernicious anemia the existence of 
hemolytic jaundice was immediately suspected, in spite of the fact that marked 
splenic enlargement was not present. It is to be noted also that the color 
index very rarely exceeded 1; subsequent counts gave the color index varying 


rom 0.6 to 0.9. 


*From the Section on Medicine, Mayo Clinic. 
* Presented before the Association of American Physicians, Washington, 
C., May 4, 1922. 
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Examination of the duodenal contents was attempted but was unsuccessful 
because of lack of cooperation. The calcium time and prothrombin time wer 
prolonged, but otherwise the various coagulation tests and the bleeding tim: 
were normal. The platelet count was 92,000. Purpura was not present. Tw 
tests showed an increased fragility of the erythrocytes. The reading each time 
was 0.5 for initial hemolysis and 0.38 for complete hemolysis with control at 
0.42 for initial and 0.34 for complete. The first specimen of urine examined 
did not show albumin or casts. Later a small amount of albumin was often 
present and occasionally a large amount. Casts were not found. The blood 
sugar was 0.12 mg. for each 100 c.c. Examinations of the stools were negative 
for parasites and ova. There was no indication of loss of blood. 

Evidence could not be obtained that members of the family had had jaun 
dice, splenomegaly, or diseases of the blood. 

While the patient was under observation, one month after admission, a 
severe crisis with hemoglobinuria occurred without apparent cause. An imme- 
diate examination of the blood serum showed hemoglobinemia. A cystoscopic 
examination made at this time revealed bilateral hemoglobinuria with very 
dark chocolate-colored urine coming from both ureters. Specimens of urin: 
from the ureters did not contain erythrocytes. Horse serum (12 c.c. serum, 
6,000 units of antitoxin) seemed to check this attack of hemoglobinuria within 
three days. 

Course——During April, May and June, three transfusions were given. In 
June the patient’s erythrocytes were 2,260,000, and hemoglobin was 45 per cent 
the highest in the course of our observation. She maintained a fairly good 
condition during the summer. In August, 1921, the erythrocytes again dropped 
to 1,580,000 without the occurrence, however, of hemoglobinuria. The patient 
was very weak but had a ravenous appetite. 

A thorough investigation for syphilis was made at this time with negative 
results. An examination of the cerebrospinal fluid was negative. A thera 
peutic test of five doses of neo-arsphenamin was given without apparent 
improvement; one of the treatments was followed by a reaction consisting of 
cardiac pain, dizziness, fever and syncope, which may have been partly due 
to the concomitant onset of hemoglobinuria. It was learned afterward that 
the jaundice had begun to deepen before the neo-arsphenamin was given. 

The patient had four protracted attacks of hemoglobinuria while under our 
observation and her condition became very low with each. The onset of the 
attacks was with malaise, weakness, mental depression, headache and slight 
fever. Within a day or two the jaundice deepened and within three or four 
days the hemoglobinuria appeared. Although the patient had nausea and 
abdominal distress, she had never had an attack of gallbladder colic. During 
attacks she felt very ill, largely because of general prostration and headache, 
although she did not seem to be in serious condition. Besides these sever: 
crises she often complained of milder attacks of nausea, weakness, headache, 
and a deepening jaundice without hemoglobinuria. In other words, her attacks 
of hemoglobinuria seemed to be superimposed on the crises of hemolytic icterus 

Treatment.—At various times, coagulen (Ciba), horse serum, ox serum, cal- 
cium by mouth, and transfusions were given in attempts to check the hemo- 
globinuria. In general, these agents seemed to fail in this effect, although it 
is possible that horse serum and ox serum may have been of some value. 

During one of the patient’s remissions she was given a cool bath without 
the development of hemoglobinuria. At one time, ice bags were placed over 
the loins with no deleterious effect. The patient said that she had often taken 
cool baths, and that being chilled from exposure had no effect in causing an 
attack. She did not believe that exposure or exertion in any way played a 
part in initiating attacks. In fact hemoglobinuria occurred while she was at 
absolute rest and carefully guarded from exposure in the hospital; it seemed 
most likely to occur after satisfactory improvement in the blood. Whenever 
the erythrocytes rose approximately to 2,000,000, an attack was likely to occur 





GIFFIN—HEMOLYTIC JAUNDICE 575 

his was repeated so often that eventually the patient dreaded improvement 

much as she dreaded the prostration of severe anemia for fear of another 
risis with hemoglobinuria. 

Résumé.—The important features of this case were (1) slight jaundice and 
nemia which had probably existed for three years, (2) marked jaundice and 
.nemia of six months’ duration, (3) crises similar to those of hemolytic jaun- 

e without, however, gallbladder colic, (4) a blood picture which at times 

proached that of pernicious anemia, (5) the presence of bile in the stool 

its absence from the urine save in crises, (6) a markedly increased 
ragility of the erythrocytes on two examinations, (7) an increased reticulated 
ell count, (8) seven severe crises which were associated with hemoglobinuria, 
n one of which hemoglobinemia and bilateral hemoglobinuria were demon- 
strated, (9) the absence of any effect of cold or exposure on the occurrence 
the hemoglobinuria, (10) the absence of hemoglobinuria after transfusion, 
(11) the recurrence of the hemoglobinuria when the erythrocytes reached 
approximately 2,000,000. 


In 1900, Bettman? gave an excellent description of a case of 
hemolytic jaundice with hemoglobinuria. The attacks of hemoglobinuria 
occurred with some of the acholuric crises. Bettman’s patient, a man, 
aged 29 years, first seen April 3, 1899, had been jaundiced since child- 
hood and had had “nose bleed” occasionally for many years. There was 

evidence of syphilis. The spleen was considerably enlarged ; there was 
. definite history of crisis associated with very dark urine. Blood pig- 
ment and a few erythrocytes in the urine had been reported one year 
previously. Jaundice was brought on by overeating and overdrinking, by 
physical exertion, by emotional excitement, and especially by cool 
veather. Hemoglobinuria was not produced by placing the hands in 
ce water, although the urine contained a few erythrocytes and hemo- 
globinemia was demonstrated. Splenectomy was not performed and 

necropsy is not reported. 

In 1908, Chauffard and Troisier* described a case of hemolytic 
terus which was accompanied by attacks of hemoglobinuria. This 
ight be regarded as a transition case between acquired hemolytic 
aundice and jaundice of congenital origin, for the patient had always 
en pale, but had developed jaundice late in life. There was no family 
history of jaundice. In 1901, there had been slight jaundice; in 1902, 

after a fit of anger, jaundice had been marked and after that constant. 
In 1906, the patient had been operated on by Koch and the liver found 
be normal, while the gallbladder contained thickened bile with bile 

d, but no calculi. Six months later, the biliary fistula closed but 
undice persisted. Three times without chilling, and with increased 
undice, there had been an attack of fever and the urine became 

alaga colored.” Spectroscopic examination revealed the presence of 


1. Bettman: Ueber eine besondere Form des chronischen Ikterus, Miinchen. 

1 Wehnschr. 47:791, 1900. 

2. Chauffard, A.. and Troisier, J.: Deux cas d’ictére hémolytique, Bull. et 
Soc. méd. d. hop. de Par. 2:411, 1908. 
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hemoglobin in the urine; urobilin was abundant. Examination of the 
stool revealed an excess of stercobilin. The fragility of the erythrocytes 
was increased from 0.50 to 0.46. The reticulated cell count was 
increased to 12 and 14 per cent. The erythrocytes fell to 1,000,000. 
The spleen had been found to be slightly enlarged; the liver was not 
palpable. 

Hijmans van den Bergh,* in 1911, reported a similar case, that 
of a man, aged 47 years. The family history was negative. The 
jaundice had been present for twelve years. Attacks of hemoglobinuria 
had occurred for six years. During the attacks the patient became very 
ill and anemic but had maintained a fairly satisfactory condition 
between times. This patient eventualiy developed severe anemia with 
high color index. The erythrocytes became reduced to 1,156,000. The 
stools were normal in color and there was no bile in the urine 
Increased fragility of the erythrocytes was demonstrated and _ the 
reticulated cell count was high, 18 per cent. A diagnosis of hemolyti 
jaundice seems to be well established in spite of the fact that the spleen 
was not demonstrably enlarged. The patient was not followed to opera- 
tion and the article contains no report of the subsequent course of 
the case. 

Donath and Landsteiner,* Hoover and Stone,’ and others have 
demonstrated that the hemolysis in paroxysmal hemoglobinuria is due 
to an autohemolysin which combines with the erythrocytes after a 
mixture of the patient’s serum and his own or another’s erythrocytes 
is cooled; when the mixture is warmed to body temperature, hemolysis 
occurs. The red corpuscles themselves are not altered (Hoover and 
Stone). Complement is necessary in the cooling mixture. Zinsser 
concludes that there is considerable variation in the mechanism even in 
paroxysmal hemoglobinuria due to chilling. 

The mechanism of hemolysis in the hemoglobinuria of hemolytic 
jaundice is probably quite different from that of paroxysmal hemo- 
globinuria due to chilling. Widal has called attention to the fact that 
experimental hemolysis caused by chemical poisons results in icterus 1/ 
the dose is small, and in hemoglobinuria if the dose is large. It is 
likely that in hemolytic jaundice there is a constant destruction of 


3. Hijmans van den Bergh, A. A.: Ictére hémolytique avec crises hém 
globinuriques: fragilité globulaire, Rev. de méd. 31:63, 1911. 

4. Donath, J., and Landsteiner, K.: Weitere Beobachtungen uber 
paroxysmale Hamoglobinurie, Centralbl. f. Bakteriol., Parasitol. u. Infekt. 45: 
204, 1908. 

5. Hoover, C. F., and Stone, C. W.: Paroxysmal Hemoglobinuria, Arc! 
Int. Med. 2:392 (Sept.) 1908. 

6. Zinsser, H.: Infection and Resistance; an Exposition of the Biologica! 
Phenomena Underlying the Occurrence of Infection and the Recovery of t! 
Animal Body from Infectious Disease, New York, Macmillan Co., 1914 
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erythrocytes continuing over a period of years. This slight destruction 
permits the change from hemoglobin to bilirubin in a normal manner ; 
the presence of icterus doubtless means an increase of destruction which 


an be partially cared for possibly by the endothelial system, but which 
annot be properly eliminated by the liver; the presence of hemo- 
elobinuria means a still greater and probably very sudden increase in 
emolysis. , 
Pearce * has placed the limit of hemoglobin which may be free in 
e blood of the dog before hemoglobinuria occurs as 0.06 gm. for 
each kilogram of body weight. Sellards and Minot,* in 1916, in a 
very important piece of experimental work estimated the tolerance to 
the intravenous injection of hemoglobin of normal persons and of 
persons with the various types of anemia. Very much less hemoglobin 
was required to produce hemoglobinuria in hemolytic jaundice than in 
he anemias secondary to hemorrhage. 

It may be that a renal factor is also present. Gilbert and Lere- 
houllet,® in 1900, discussed the possible occurrence of a “renal form of 
simple acholuric icterus.” Silvestri,’®° in 1921, concluded that the 
kidney may secrete substances which have a destructive action on 
erythrocytes within its vessels. An excellent summary of this viewpoint 
has been published by Cumston."* There may be, therefore, in hemolytic 
aundice with hemoglobinuria a renal factor, besides sudden, severe 
hemolysis, which consists of either a reduction of the renal threshold or 
n actual hemolytic process in the kidney itself.* 

Ashby *® has made immunologic studies in a case of hemolytic 
jaundice (Case A387430) now under my observation, which in its 
clinical aspects is almost identical with the one herewith reported, save 
that hemoglobinuria has occurred only after each transfusion and not 
spontaneously. The patient’s blood was in Group II. Ashby tested 
the patient’s serum against his own corpuscles and against Group II 
orpuscles from a normal person, with and without icebox incubation. 


7. Pearce: Hemoglobinuria, Monographic Med., New York, D. Appleton 
nd Company 1:573, 1916. 
8. Sellards, A. W., and Minot, G. R.: Injection of Hemoglobin in Man and 
Its Relation to Blood Destruction, with Especial Reference to the Anemias, 
M. Research 34:469, 1916. 
9. Gilbert, A., and Lereboullet, P.: La forme rénale de l’ictére acholurique 
simple (albuminurie intermittente, albuminurie continue, hémoglobinurie 
roxystique), Bull. et mém. Soc. méd. d. hop. de Par. 9:662, 1901 
10. Silvestri, T.: Del fattore renale in certi casi di emoglobinuria paros- 
tica, Policlinico 28:1203, 1921; abstr. J. A. M. A. 77:1291 (Oct. 15) 1921. 
11. Cumston, C. G.: Clinical Notes from France. The Splenorenal Theory 
{ Paroxysmal Hemoglobinuria, New York M. J. 110:812, 1919. 
12. Widal, M.: Discussion, Bull. et mém. Soc. méd. d. hop. de Par. 2:418, 
VIS 


13. Ashby, W. P.: Personal communication. 
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Tubes were incubated in the icebox for one hour, and at 37.5 C. for 
one and one-half hours with negative results. The dilution of serum 
to corpuscles was 20 to 1. The action of the serum was therefore 
strikingly different from that which has been reported in connectio: 
with paroxysmal hemoglobinuria. 

From a study of both the clinical and the immunologic data the con 
clusion seems justifiable that the hemoglobinuria of hemolytic jaundice 
is not due to syphilis, that it is not brought on by exposure to cold, 
and that the mechanism of hemolysis is not analogous to that in 
paroxysmal hemoglobinuria due to chilling. 





RELATION OF AGE AND OBESITY TO 
VITAL CAPACITY * 


BYRON D. BOWEN, M.D. 
WitH THE AssISTANCE OF DorotHy L. PLatt 


BUFFALO, N. Y. 


In view of the frequent association of dyspnea with obesity on the 
one hand, and the close relationship of dyspnea with vital capacity on 
the other hand, it seemed of interest to learn the values of the vital 
capacity in obese individuals. However, with the exception of a casual 
mention by Myers' of the relation of age and obesity to the vital 
capacity of the lungs nothing was found in available literature. 

Hutchinson,? in 1846, first studied the vital capacity of normal 
persons using the spirometer of which he was the inventor. He found 
that the vital capacity varied more closely with the height than any 
other body measurements. Until recent years the procedure has not 
been extensively applied to clinical medicine, but now, because of 
amplification and refinement of the original work of Hutchinson, it 
is conceded to be of some importance in diseases affecting the chest 
organs. Peabody and Wentworth * applied the test to cardiac patients 
and found that such patients regularly showed a decreased vital capacity 


when dyspneic, ranging in amount from 40 per cent. in the badly 


decompensated cases to nearly normal in compensated lesions. 

Dreyer * considers vital capacity to be of great value in the assess- 
ment of physical fitness; his work has been done largely in the English 
\rmy, and the standards used by him have been mostly based on the 
height of the trunk taken in the sitting posture. Lundsgaard and 
Van Slyke,® and also Myers and Dreyer® have shown that there is a 
slight decrease in vital capacity in pulmonary tuberculosis, which tends 
to improve after treatment. It has also been determined by a number 
‘f investigators that the vital capacity is reduced in emphysema, asthma, 
bronchiectasis, hydrothorax and pneumonia. In cases of great physical 
weakness, but without diseases of either heart or lungs Peabody and 

*From the Department of Laboratories and the Medical Clinic of the 
Buffalo General Hospital. 

1. Myers, J. A.: The Value of Vital Capacity Readings in Clinical Medi 
ine, Minnesota Med. 4:635 (Nov.) 1921. 

2. Hutchinson, J.: Med. Chir. Tr. London 29:137, 1846 

3. Peabody, F. W., and Wentworth, J. A.: Clinical Studies of the Respira 

n. IV. The Vital Capacity of the Lungs and Its Relation to Dyspnea, Arct 
t. Med. 20:443 (Oct.) 1917. 

4. Dreyer, G.: The Assessment of Physical Fitness, New York, Paul B 
loeber. 

5. Lundsgaard, C., and Van Slyke, D. R.: J. Exper. M. 27:65, 1918 
6. Dreyer,-G.. and Burrell, L. S. T.: Lancet 1:1212 (June 5) 1920 














580 ARCHIVES OF INTERNAL MEDICINE 


Sturgis * have found readings of only 26 per cent. below the normal. 
These observers also state that fatigue of the muscles of respiration 
produced no reduction in vital capacity in cases of heart disease. 

It is clear that for a study of the vital capacity in obesity, a normal 
standard would be required for comparison. The normal standard in 
common use, however, is based on the vital capacity of persons mostly 
between the ages of 20 and 30 years. Obviously, the age of a maximum 
fitness cannot be applied as a standard for all ages. It was, therefore, 
decided to test the vital capacity of a series of normal persons in order 
to determine the required normal standard. 


METHODS AND STANDARDS 


The vital capacity spirometer designed by Peabody and manufac- 
tured by Sanborn and Company was used in making all of the tests. 
The highest of three readings were taken as the vital capacity and 
more than one observation was made whenever it was thought necessary. 

The standards used have been those suggested by West,® being based 
both on height and surface area, the latter being estimated from the 
height and weight using the formula of DuBois and DuBois.’ The 
vital capacity of normal persons is expressed in percentage based on 
surface area in Chart 1, and by both height and surface area in the tables, 
and the others both on surface area and height. For height, the normal 
standard is determined by multiplying the height in centimeters by 
25 c.c. for men and 20 c.c. for women. For surface area, the standard 
is the product of multiplying the surface area in square meters by 
2.5 liters for men and 2.0 liters for women. 


DISCUSSION OF NORMALS 

[his group contains 184 persons varying in age from 15 to 85 
years. They consist of average normal persons, who are largely of 
sedentary occupations, including students, physicians, nurses, hospital 
employees, convalescent surgical patients, and medical patients without 
disease of the heart or lungs and without physical weakness. The 
senile group was mostly obtained in homes for the aged. They were 
able to walk about and had only such disease as is incident with their 


age, e. g., arteriosclerosis, emphysema, and possibly calcification of the 


7. Peabody, F. W., and Sturgis, C. C.: Clinical Studies of the Respiration 
VII. The Effect of General Weakness and Fatigue on the Vital Capacity of 
the Lungs, Arch. Int. Med. 28:501 (Nov.) 1921. 

8. West. H. F.: Clinical Studies on the Respiration. VI. A Comparison 
of Various Standards for the Normal Vital Capacity of the Lungs, Arch. Int 
Med. 25:306 (March) 1920 

9. DuBois, D.. and DuBois, E. F.: Clinical Calorimetry. Fifth Paper 
The Measurement of the Surface Area of Man, Arch. Int. Med. 15:868 (May) 
1915. 
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costal cartilages. Of the 184 persons studied, 120 fell between the ages 
of 15 and 50. Of these, 67.5 per cent. were between 90 and 110 per 
cent., 25.8 per cent. were below 90, and 6.6 per cent. were above 110 
per cent. with the surface area standard. Up to the age of 50 years, 
the average vital capacity was 95.8 per cent., then it gradually reached 
50 per cent. at the age of 85 years; the greatest fall in any decade being 
between the ages of 50 and 60 years. Chart 1 serves to show this 
curve of vital capacity percentage with relation to age and may be of 
value in estimating the normal vital capacity, especially beyond the age 
of 50 years. It would seem that the standards used by West were 
entirely satisfactory for practical purposes up to the age of 50. The 
average vital capacity of this group was about 4 per cent. lower than 
the normal series studied by West, which may be accounted for by the 
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Chart 1—Vital capacity of 184 normal patients according to age, using sur- 
face area standard. 


fact that his subjects were mostly well developed men and women 
between the ages of 20 and 30. 

There are doubtless many factors producing a reduction in vital 
apacity after the age of 50, but in the absence of definite disease all 
must be considered as manifestations of a normal aging process. They 
possibly constitute such conditions as loss of elasticity of the alveoli, 
immobility of the thorax, weakened general musculature and myo- 

rdium, and lack of exercise. 


DISCUSSION OF CBESE SUBJECTS 


This group comprises 32 persons who were definitely obese ; twenty- 
seven were women and five were men. Another smaller group made 
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up of twenty-four people, twenty of who were women and four men, 
who were not definitely obese but who were distinctly “overweight,” 
is also presented. This grouping was rather arbitrary and was based 
on an impression gained on physical examination. In the obese group 
most of the persons weighed over 80 kg. and in the “overweight” group 
under that figure with lower limit represented by a person who weighed 
64 kg. and whose height was 152 cm. As far as could be determined, 
none of these people had disease of the heart or lungs, although the 
majority complained of some degree of dyspnea. It is interesting in 
this connection to note that the most pronounced case, a woman aged 
33 years, weighing 198.2 kg., did not have dyspnea, and had a vital 
capacity by height of 87.7 per cent. and by surface area of 53 per cent. 
Her activities were necessarily slow and restricted, which might have 
been a factor. 

The dyspnea that occurs in cases of obesity may be due to several 
factors. The frequent association of obesity with coronary sclerosis 


TABLE 1.—Osese Cases 1n Decapes 








Average Average 
Vital Vital Capacity 

Capacity to Surface 

to Height Area 

Standard, Standard, Number of 

per Cent. per Cent. Cases 
82.1 
71.9 
71.6 
Po 


53.2 


and myocarditic changes is well known. Yet, the excessive accumula- 
tion of fat in the pericardium may in itself lead to atrophic changes 
in the heart muscle and, consequently, to insufficiency of the latter. 
However, in young and especially muscular persons, it may require a 
long time for such secondary changes to be brought about, during which 
time the obese subject may enjoy good health as far as his cardio- 
respiratory apparatus is concerned. 

3etween the ages of 20 and 30, only six obese persons were studied 
Of these, four were under 100 per cent. by the height standard and al! 
by the surface area standard. In this group (Table 1), the vital capacity 
was essentially normal by the height standard between the ages of 20) 
and 30, dropping slowly to the age of 50, where there was a rather 
sudden reduction of 12 per cent., behaving about as normal persons do 
Only two subjects had a vital capacity above 100 per cent. by the 
height standard. The vital capacity according to surface area was 
considerably reduced, as would be expected, there being an averag: 
difference from the height standard of 14.3 per cent. Although th: 
curve of reduction according to age follows much the same course as 
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in the case of normal people, there was a tendency for the vital capacity 
of obese individuals to be reduced even by the height standard. How- 
ever, between the ages of 15 and 50 the average vital capacity in the 
normal group was 95.8 per cent., and in the combined obese and “over- 
weight” groups, 75.8 per cent. by the surface area standard and 88.8 
per cent. by the height standard. In estimating the vital capacity of 
obese and “overweight” people it is probably better to use the height 
standard or make a correction by adding 20 per cent. to the surface 
area standard ; this being the difference between the normal vital capac- 
ity and that of the obese and “overweight” groups. 

Chart 2 represents the vital capacities of the obese and “overweight” 
groups for all ages, in order of weight, beginning with the heaviest. 
The (.) indicates the percentage according to height and the (x) 
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Chart 2.—Vital capacity of obese class beginning with heaviest. © = per 
cent. height; * —per cent. surface area. 


according to surface area. It will be seen that there is a slight tendency 
for the vital capacity to increase as the weight decreases. 

In Table 2, six obese cases are grouped separately from the normal 
obese group, because of the diagnosis of “chronic myocarditis.” All 
had symptoms of a cardiac nature of from 3 to 15 years’ duration— 
dyspnea, palpitation and easy fatigue—and all had a slight vascular 
hypertension. None of this group was decompensated and but one had 
light edema. The vital capacities of all were between 50 and 60 per 
ent. by the height standard and 40 and 50 per cent. by that based on 
urtace area. A corresponding group of cardiac patients would not, 
udging from the work of Peabody, have shown this degree of reduc- 
tion. However, if the correction of 20 per cent. be added to the surface 
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area percentage, the result would be about what one would expect in 
such cases. 

(One patient, a girl, aged 18, who had acromegaly, and who weighed 
90 kg., most of the increase having taken place in the past two years, 
had a vital capacity of 130.5 per cent. by height and 109.4 per cent. 
by surface area. This case was not included in the obese group as 
she was considered as being distinctly pathologic. This, by the way, 


TABLE 2.—Opsese Carptac Cases 








Vital Vital 
Capacity Capacity 
Surface to to Surface 
Area Vital Height Area 
Weight, Height, Square Capacity Standard, Standard, 
Kg Cm Meters C.e per Cent. per Cent. 
97.0 157.0 6 7 a 43 
156.5 g 59 47 
14.5 ; d 59 52 
164.0 f 52 44 
158.0 ; 57 45 
164.5 2.3 ’ 6 a2 


TABLE 3.—Overweicut CAses 1N DECADES 








Average Average 
Vital Capacity Vital Capacity 
to Height to Surface Area 
Standard, Standard, Number of 
per Cent. per Cent. Cases 
8.5 77.0 
83.8 76.9 
. 75.5 
68.3 





TABLE 4.—Errect WeicutT Repuction on Vitat Capacity 








Vital Per- Percentage 
‘apacity centage Surface 
Weight, in Height Area 
Date Kg. Age C.c. Standard Standard Remarks 
12/21/21 7 31 3,730 115.1 98.0 No dyspnea 
4/20/22 f oe 3,800 117.2 106.1 General improvement 
6/ 8/21 8.! 29 8,000 91.0 8.0 Dyspnea + 
4/22/22 7.2 ; 3,000 91.0 87.8 Dyspnea absent 
9/23/21 114.9 20 2,700 82.2 61.9 Dyspnea + 
4/21/22 100.1 3,600 100.7 7.3 Dyspnea absent; general 
improvement 
2/20/22 73.6 5 2,900 75.6 7.2 Diabetes, dyspnea + 
4/19/22 62.5 ‘ 2,600 85.5 81.7 Dyspnea not noticeable; 
general improvement 


may, perhaps, be accounted for by the actual increase in the bony 
framework of the thorax, as such cases sometimes show. 

Table 3 shows twenty-four cases arranged in decades; the subjects 
were not considered obese but were “overweight.” Like the other 
groups of normal and obese subjects, the vital capacity makes a rather 
precipitant drop after the age of 50 years, averaging 12 per cent. The 
average vital capacity is similar to the obese group, being reduced by 
the surface area standard and only slightly so by the height standard. 


‘ 


Table 4 shows a study of four patients, two obese and two “over- 


weight.” Their weights were reduced by dietary measures for the 
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TABLE 5.—NorMats 








| Surface Vital Vital 
Sex Weight, Height, Area Vital Capacity Capacity 
Kg. Cm. Square Capacity Percentage Percentage 
| Meters C.e Height Surface Area 

164.0 1.49 91.4 

169.0 6 109.0 

157.0 , 109.6 

155.0 . 7 

173.0 ; 85.6 

156.0 J 7 96.1 

161.0 a 72.0 

161.0 of 101.9 

157.0 g aI. 80.3 

166.0 5 108.4 

168.0 ? 8 

158.0 g 83.5 

173.0 . 85.6 

167.0 

144.0 

160.5 

10.0 

161.2 

163.0 

173.0 

170.0 


166.0 
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TABLE 5.—Normats—(Continued) 











Surface Vital Vital 
Feight, Height, Area Vital Capacity Capacity 
Kg Cm. Square Capacity Percentage Percentage 
Meters Cc Height Surface Area 
156.0 
164.5 
164.5 
172.0 
151.5 
150.0 
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TABLE 5.—Normarts—((C ontinued) 


Surface Vital Vital 
Sex Weight, Height, Area Vital Capacity Capacity 
Kg Cm. Square Capacity Percentage Pereentage 
C.c. Height Surface Area 
161.0 J 3, 845 
173.0 
157.5 “ a 7.6 
167.0 
162.0 
173.5 
170.0 
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TABLE 6—OverweicHutTs 


Surface Vital Vital 
Weight, Height, Area Vital Capacity Capacity 
Kg Cm Square Capacity Percentage Percentage 
Meters C.c. Height Surface Area 





175.0 2.13 . 98 77.0 
172.0 2.08 5, ed q 98.6 
156.5 5 2,23 71. 62.5 
60.9 
76.0 
87.0 
80.0 


55.5 


68.0 
0.0 
83.0 
720 
62.8 
22.0 
79.0 
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purpose of observing the effect on symptoms and vital capacity. The 
reduction in all exceeded 10 kg. and was brought about in periods, 
varying from two to ten months. Dyspnea was present in three, and 
general symptoms, easy fatigue, lassitude and a “heavy feeling” was 
complained of by all. The vital capacity was above 100 per cent. in 
but one case, the subject being the only one of the four who did not 
have dyspnea. These symptoms improved or disappeared in all coin- 
cident with the loss of weight. The vital capacity in cubic centimeters 
increased in two cases, but remained constant in the others. In one 


TABLE 7.—Osesities 





Vital Vital 
Vital Capacity Capacity 

Capacity Percentage Percentage 
C.c. Height Surface Area 


53 0 
55.0 
61.9 
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of these the increase was 27.5 per cent. by height. While this is 
interesting, it is not consistent with the findings in the other cases 
However, in these four cases, after the weight reduction there was an 
increase in the vital capacity by surface area, bringing it nearly to 
normal. This study would indicate that the tendency to dyspnea which 
is common in people who are overweight is possibly, in part, accounted 
for by a reduction in vital capacity. Presumably, it is wise to reduce 
the weight of overweight persons slowly, if they complain of symptoms 
suggesting cardiac embarrassment. This is especially so if their vital 
capacity shows a definite reduction. 
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CONCLUSION 


This study seems to warrant the following deductions : 

1. Using standards based on persons between the ages of 20 and 
30, the vital capacity is within normal limits up to the age of 50, there- 
after the fall is gradual, reaching 50 per cent. at the age of 85. The 
greatest drop is between the ages of 50 and 60. 

2. The vital capacity of obese and “overweight” people is but slightly 


less than normal, using the height standard, but averages 20 per cent. 
less by surface area, up to the age of 50. 

3. The height standard, or the addition of 20 per cent. to the result 
obtained by using the surface area standard may be used in estimating 
the vital capacity of obese or “overweight” subjects. 

4. The tendency to dyspnea, which is often present in people who 
are much overweight, may be accounted for, in part, by a reduction 
‘f the vital capacity. 

5. It appears advisable to reduce the weight of obese people slowly, 
if there are annoying symptoms of a cardiac nature. This is especially 
so if the vital capacity shows a definite reduction. 











ACID-BASE EQUILIBRIUM 
I. CLINICAL STUDIES IN ALKALOsIS * 


ALFRED E. KOEHLER 


MADISON, WIS. 


\lthough the practical aspects of the acid-base equilibrium problem 
are appreciated by the clinician, the observations and discussions have 
been limited to a large degree to those cases in which the equilibrium 
has been shifted toward the acid side. Observations reported in the 
last few years and our own studies indicate that an alkalotic condition 
of the body is perhaps as important clinically, if not more so, than an 
acidotic condition. In an acidosis resulting from the ingestion of 
fixed acids, from the retention of carbon dioxid, from deficient 
oxidation with the resulting accumulation of acid metabolites, or by 
acid retention due to renal involvement, there is at first an increased 
lung ventilation, but only after a decided acidosis of py 7.1—7.0 is 
there a marked disturbance of the normal physiological functions 
characterized by unsteadiness of motion, stupor and a coma, usually 
passing into death. 

In order to clarify the discussion it is well to recall the possible 
variations in the acid-base balance as presented recently by various 
writers in a greatly clarified manner. The fundamental conception 
which displaced the chaos and confusion of this problem with a 
practical working knowledge was set forth by Hasselbach.: He 
showed that in blood there was a definite relationship among three 
interdependent variables, NaHCO,, CO, and py, so that the determi- 
nation of any two would give the third. 

H.CO; 
fPu=K — - 
NaHCO, 

When the reaction of the blood is normal, py = 7.4, the ratio of 

H,CO, to NaHCO, is as 1 is to 20 or 
0.00155 mol per liter H:CO, 1 


= _ ———_—_—_—— = — equiv. to po=74 
0.0310 mol per liter NaHCO, 20 


The mathematical relationship Hasselbach gave as follows: 


NaHCO, 
pu — pK, + log 


H.CO; 


* From the Laboratory of Physiological Chemistry, University of Wiscons! 
1. Hasselbalch, K. A.: Die “reduzierte” und die “regulierte” Wasserstott 
zahl des Blutes, Biochem. Ztschr. 74:56, 1916. 
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The value of pK, was shown by Haggard and Henderson? to be 
6.10. An example for normal blood would be: 
50 (vol. % CO: as NaHCO,) 


6.10 + log —— = pu 7.4 
2.5 (vol. % CO: as H.CO, 





However, it has been more recently shown by L. J. Henderson * 


that the above interdependence of the three variables, pu, NaHCO, 
and H,CO, extends also to three more important simultaneous 
variables, namely free oxygen (HbO,) and the chlorid content of 
the plasma (PC1). This may also be presented as follows: 


H.CO; ; O: 7 pu 


NaHCO, HbO; PCl 


The above conception is indeed a very helpful simplification of 
the heretofore indefinite notions of the relation of the blood buffers. 
It is also altogether probable that this interdependence applies not 
mly to the respiratory variables but that a mathematical expression 
can be formulated including all the buffer systems of the blood, as 
for example: 

NH:PO, _ Acid Proteinate ; Protein 


pu = K ———— = K ——— = —_— —— etc. 
N:-HPO, Protein Na Proteinate 

It is, therefore, apparent that in clinical studies we are only 
oncerned with the determination of two variables in order to define 
our systems. Up to the present time these variables have been either 
rp, and NaHCO, or H,CO, as CO, tension and NaHCO,. D. D. 
\an Slyke * has given a very clear presentation based on the above 
three variables of the possible variations in acid-base balancé. He 
sets forth nine possible conditions, all of which may occur clinically: 
lhe bicarbonate may be high, low or normal and in each condition 
the fu may be high, low or normal. A helpful terminology has been 
introduced in which abnormal bicarbonate variations with a normal 
h, are spoken of as compensated and bicarbonate variations with 
ibnormal py as uncompensated alkalosis or acidosis. There thus 
ccurs a condition of compensated alkali or carbon dioxid excess, 
vhich condition may pass either to uncompensated alkali excess with 
high py, 7.5-7.8, or to uncompensated carbon dioxid excess with a 
w pu, 7.3-7.0. Similarly a compensated alkali or carbon dioxid 


2. Haggard, W. H., and Henderson, Y.: Hematorespiratory Functions, J. 

iol. Chem. 39:163, 1919. 

3. Henderson, L. J.: Blood as a Physicochemical System, J. Biol. Chem 
46:411, 1921. 

4. Van Slyke, D. D.: Studies of Acidosis, XVII. The Normal and Abnor- 

il Variations in the Acid-Base Balance of the Blood, J. Biol. Chem. 48: 153, 


1071 
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deficit may pass either to uncompensated alkali deficit with a py of 
7.3-7.0 or to uncompensated carbon dioxid deficit with a py of 7.5-7.8 

In order to understand the relationship of the changes within the 
blood he acid-base balance and oxygen exchange of the body, it 
will be necessary to consider more closely the changes that occur in 
the variables pu, NaHCO,, H,CO,, O,, HbO, and plasma chlorid as 
represented by the L. Henderson* nomogram during the normal 
circulation of the blood. These changes can best be understood from 
a study of the diagram. This diagram shows in a qualitative way the 


Alveolar Air_ 
£0) 


Lun 
Cwenlddlon 


Ph ‘7.42 


rs) 
3 
z 


Tissue 
Circulation 














Blood changes in a respiratory cycle 


blood changes in a respiratory cycle. The top portion represents the 
lung capillary circulation and the bottom portion represents the tissue 
circulation. The whole blood represented by the enclosed system is 
divided diagramatically into plasma and red corpuscles or hemoglobin, 
thus making it possible to indicate the changes that take place between 
them. A convenient place to start to follow the changes indicated in 
the cycle is in the tissue capillary circulation. The carbon dioxid 
produced in the tissues passes to the plasma, where the carbon dioxid 
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tension is lower. The dissociation of the sodium chlorid renders the 
sodium ion available for the formation of sodium bicarbonate with 
he carbon dioxid. The passage of the chlorin ion to the HbO,, 
together with the change in oxygen tension, is instrumental in the 
passage of the oxygen to the tissues, leaving HbCl. The venous 
blood now carries a large amount of H,CO, and NaHCO, in such a 
ratio that it has but a slightly lower py than that of arterial blood. 
[he hemoglobin, which has been instrumental in carrying oxygen, is 


returned as the chlorid. When the venous blood reaches the 


OW 
The carbon 


pulmonary circulation the reverse processes take place. 
lioxid is given up to the lower gaseous tension of the alveolar air, 
thus liberating the sodium. This would, however, leave the plasma 
too alkaline, so the chlorin passes from the hemoglobin to the plasma 
This change, together with reversed 


to again form sodium chlorid. 
change in oxygen tension, enables the oxygen to pass from the alveoli 


to the hemoglobin. The arterial blood then carries HbO, and the 
chlorin as sodium chlorid ready to repeat the cycle. It must, however, 
be remembered that this is merely a schematic representation of a 
few of the variables of a very complex system and that the reason 
for the changes and their exact mechanism of action is very imperfectly 
understood. 

Two methods have been used for accurate determinations of 
acid-base variations in whole blood. In this laboratory we use the 
gas chain method for determining the py and the Van Slyke apparatus 
for determining the total carbon dioxid. Haggard and Henderson ? 
have introduced a method by means of which the py can be measured 
indirectly by equilibrating blood with various known carbon dioxid 
tensions and then determining the combined carbon dioxid for each 
tension. In this way, by plotting the total carbon dioxid against carbon 
dioxid tension a py line is determined. The practicability of this 
method is as yet questionable, inasmuch as it introduces a third 
variable—a change of the oxygen tension of the blood. The exact 


effect of this is as yet not clear. 


CLINICAL ALKALOSIS 


Clinically alkalosis falls either into alkali excess or carbon dioxid 
deficit. In either case the py is above normal and is usually within 
the limits of py 7.5-7.8. Alkali excess is usually the result of excessive 
.dministration of sodium bicarbonate either by mouth or intravenously.® 

5. Howland, J., and” Marriott, W. McK.: Observations on the Calcium Con- 
tent of the Blood in Infantile Tetany and on the Effect of Treatment by Cal- 
ium, Quart. J. M. 11:289, 1917. 
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We have observed it as the result of prolonged administration of 
sodium citrate, sodium acetate and sodium bicarbonate, together with 
sodium salicylate in rheumatic fever. Alkali excess also obtains in 
loss of hydrochloric acid from the stomach in pernicious vomiting or 
in pyloric obstruction with subsequent vomiting or washing out the 
stomach for several days with a stomach pump.° 

In uncompensated carbon dioxid deficit the py is above the normal 
limits, thus designating an alkalosis, although there really is a marked 
diminution in blood and body alkali. This reduction of alkali is the 
result of a tendency of the body to reduce the alkali to such a level 
that it will compensate the low carbon dioxid level. This condition 
can be caused by voluntary hyperpnea.’ It also obtains in anoxemic 
dyspnea either as a result of decreased oxygen supply * or in failure 
of the blood to carry oxygen as in the early hours of carbon monoxid 
poisoning.® It has also been shown to exist in the elevation of body 
temperature by immersion in warm water.’® 

The effects of either alkali excess or carbon dioxid deficit to a 
large extent are the same. Unless there is an accompanying renal 
involvement, the urine tends to become alkaline owing to elimination of 
alkali. In alkali excess the bicarbonate elimination is very much greater, 
often several grams per hour, than in carbon dioxid deficit where the 
excretion usually is only a fraction of a gram per hour."' In either 
case there is a diminution of titratable acids with a comparable decrease 
or even complete absence of ammonia. The elimination of acetone 
bodies has also been noted under both conditions."? A point of difference 
however, is the increase in alveolar carbon dioxid in alkali excess and 
a decrease in carbon dioxid deficit. 

The outstanding clinical symptoms of a marked alkalosis of either 
type have been well described by various writers as the characteristic 
6. MacCallum, W. A., Luntz, J., Vermilye, H. N., Leggett, T. H., and Boas, 
E.: The Effect of Pyloric Obstruction in Relation to Gastric Tetany, Bull 
Johns Hopkins, Hosp. 31:1, 1920. 

7. Collip, J. B., and Backus, P. L.: The Effect of Prolonged Hyperpnea on 
the Carbon Dioxide Combining Power of the Plasma, the Carbon Dioxide 
Tension of Alveolar Air, and the Excretion of Acid and Basic Phosphate and 
Ammonia by the Kidney, Am. J. Physiol. 51:568, 1920. 


8. Haggard, W. H., and Henderson, Y.: Hematorespiratory Functions: Th« 
Fallacy of Asphyxial Acidosis, J. Biol. Chem. 48:3, 1920. 

9. Haggard, W. H., and Henderson, Y.: Hematorespiratory Functions: Res- 
piratory and Blood Alkali during Carbon Monoxid Asphyxia, J. Biol. Chem 
47:421, 1921. 

10. Haggard, W. H., Bazett, H. C., and Haldane, J. B. S.: Hematorespira- 
tory Functions: The Alteration of the Carbon Dioxid Ratio in the Blood 
during Elevation of Body Temperature, J. Biol. Chem. 44:131, 1920. Some 
Effects of Hot Baths on Man, J. Physiol. 55, IV, 1921. 

11. Davies, H. W., Haldane, J. B. S.. and Kennaway, E. L.: Experiments 
on the Regulation of the Blood’s Alkalinity, J. Physiol. 54:32, 1920. 





KOEHLER—ALKALOSIS 595 


evelopment of tetany and, finally, convulsions.* ** The various steps 
n the development of tetany are-best seen in marked voluntary 
hyperpnea. The picture is practically identical with that seen at the 
bedside in severe alkalosis. There is at first noted a numbness of the 
extremities especially the fingers. This is followed by a tingling of 
the fingers, quivering of the eyelids and a tenseness of the facial 
muscles. The fingers become flexed at the metacarpophalangeal joints 
in a characteristic manner and may suddenly go into a marked spasm. 
(he facial muscles go into a decided quiver with mgst marked con- 
traction of the orbicularis oris, risorius and triangularis muscles, 
giving rise to a peculiar grinning expression and difficulty of articula- 
tion. Tapping a branch of the facial nerve, Chvostek’s sign for tetany, 
results in spasmodic contraction of the facial muscles. 

Erb’s sign of increased electrical irritability of the muscles of the 
forearm is apparently a constant accompaniment of a high blood px. 
lrousseau’s sign is also of diagnostic value in the determination of the 
onset of the tetany of alkalosis. 

As to the causative relation of alkalosis to tetany little is known 
beyond a few general observations. Biederman ** showed that the 
excitability of isolated voluntary muscle was greatly heightened by 
increasing, up to a certain limit, the alkalinity of the solution in which 
it was immersed. Dale and Thacker ** demonstrated decreased dura- 
tion of the sino-auricular interval, the auriculoventricular interval and 
the cardiac cycle with increase in hydroxyl ions in perfusion of the 
frog’s heart. McClendon obtained similar results in studying the 
effect of reaction on the pulsation rate of the hearts of the jelly fish 
and conch. That alkalotic tetany is the result of change in the muscle 
or myoneural junction rather than in the nerve fiber proper may be 
interpreted from the work of Adrian'® who demonstrated the dis- 
appearance of the supernormal phase of a nerve-muscle preparation 
on the alkaline side of py 7.4 when the nerve fiber was submerged 
in a buffered Ringer’s solution. He found that this decrease on the 
alkaline side holds good for the recovery of conductivity as well as 


that of excitability. 

As yet there is no good evidence that calcium, with its bearing on 
idiopathic and parathyroid deficiency tetany, has any relationship to 
ikalotic tetany. Although improvement of the tetanic symptoms can 


12. Grant, S. B., and Goldman, A.: A Study of Forced Respiration: Experi- 
mental Production of Tetany, Am. J. Physiol. 52:209, 1920. 

13. Biederman: Electrophysiology, New York, 1898, p. 104. 

14. Dale, D., and Thacker, C. R.: Hydrogen Ion Concentration Limiting 
\utomaticity in Different Regions of the Frog’s Heart, J. Physiol. 47:493, 1914 

15. Adrian, E. D.: The Recovery Process of Excitable Tissues, J. Physiol 
54:1, 1920. 
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be noted in some cases on administration of a soluble calcium salt, 
the results do not always run favorably and improvement can, perhaps, 
be attributed to the well known sedative action that calcium has in 
reducing the excitability of the nervous system. That serum calcium 
is low in infantile tetany is shown in a mass of analytical data pre- 
sented by Howland and Marriott,> and recent work by Hastings and 
Murray *® shows a similar drop in the tetany following parathyroid 
ectomy. It is as yet an open question as to the condition of the acid-base 
equilibrium in these diseases. It can, however, be stated with reasonable 
assurance that all tetanies are not alkalotic as to origin. 

With the foregoing brief survey of our present knowledge of alka- 
losis it was thought desirable to investigate various conditions which 


occur clinically as possibly related to alkalosis. 


METHODS 


The blood samples were drawn from the median basilic vein oi 
the arm (unless otherwise stated). A tube containing heavy paraffin 
oil and a small amount of dry potassium oxalate similar to the one 
described by Van Slyke ‘* was used. A 21 gage needle was used to 
insure the quick flow of blood. In order to obtain the sample quickly a 
tourniquet was used at times to insert the needle. Determinations were 
usually made within one half hour after the sample was obtained. 

Determination of Total Carbon Dioxid.—The total carbon dioxid 
was determined directly, using the Van Slyke apparatus on whole blood 
without equilibrating. One half c.c. 20 per cent. tartaric acid was 
found even better than normal lactic acid which Van Slyke and Stadie ** 
had substituted for normal sulphuric acid when using whole blood. 
The tartaric acid dissolves the blood proteins completely so that the 
apparatus can be washed clean after each determination. 

The hydrogen ion concentration was determined on whole blood 


by means of the hydrogen electrode. The electrode vessel was of the 
McClendon pattern but modified so that the platinum electrode could 
be removed as in the Clark electrode design. A tenth normal calomel 
electrode and connecting bridge, as previously described,’® was used 


16. Hastings, A. B., and Murray, H. A.: Observations on Parathyroidectom- 
ized Dogs, J. Biol. Chem. 46:233, 1921. 

17. Van Slyke, D. D.: Studies of Acidosis, I. The Bicarbonat> Concentra- 
tion of the Blood Plasma, Its Significance, and Its Determination as a Measure 
of Acidosis, J. Biol. Chem. 30:289, 1917. 

18. Van Slyke, D. D., and Stadie, W. C.: The Determination of the Gases 
of the Blood, J. Biol. Chem. 49:1, 1921. 

19. Koehler, A. E.: A New Tenth Normal Calomel Electrode Design, J. 
Biol. Chem. 41:619, 1920. 
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he rocking electrode, connecting bridge and calomel electrode together 
with the washout vessels and Weston standard cell were enclosed in a 
nstant temperature air bath similar in design to that described by 
Clark 2° but being constructed of double glass walls with an air tight 
lead space in between. The temperaure for all determinations was 


25 C. The hydrogen which was generated electrolytically was washed 
ver concentrated sulphuric acid and ignited by means of heated 
platinized asbestos. The hydrogen was saturated with water at 25 C. 

bubbling through wash bottles set within the air bath. A Leeds and 


\orthrup type K potentiometer was used for the potential measurement. 


EXPERIMENTAL 


The Blood Reaction in Acute Fevers —All the cases studied were 
those of students confined at the university infirmary. Nearly all 
the cases were those of a grippe-like infection with a moderately high 
fever during the first and sometimes the second day after entrance 
and a return to normal in three or four days. Dover's powders, 
5 grains, acetphenetidin, 2 grains and acetylsalicylic acid, 2 grains, had 
been given in most cases shortly after entrance, at three hour intervals. 
In the majority of cases loss of appetite resulted in a very low intake 
of food, often only water having been taken for the preceding twenty- 
four hours. 


TABLE 1—Btoop Reaction 1n Acute Fevers 








Day of Tempera-_ Respi 
Case Sample* ture ration Pulse Remarks 
1 2 108.4 aes Grippe 
5 0 me ; 7.38 
1 104.0 - 7.6 5 Grippe (no food) 
4 S.0 i 
108.6 . 104 7.5 é Bronchopneumonia 
98.7 , 65 
11.2 : 7.4 ¢ Carbuncle on neck 
98.4 ee , a 
103.2 : 7.58 f Grippe 


98.7 


108.0 7.6 ; Influenza (cyanotic) 
ORG 70 5 

103.0 9 68 Grippe (cyanotic) 
BO 2 53. 

108.6 2 7.4 ¢ Grippe 

(m4 7 7.42 3 

108.7 27 7 Grippe 

7.9 5 ; 7.415 $1.7 

108.8 ‘ 2 7.538 . Grippe 

98.1 68 ’ 

108.0 23 A 7. . Grippe 

2 ‘ 52.2 

102.8 7. 7 Grippe 

97.8 7.347 

101.6 : 7A Grippe 

ORO ‘ - 

103.0 ose 7.48 3.5 Influenza, alveolar 
97.8 : » 7 ’ abscess 

1.2 26 14 7.43 f Peritonitis, fatal 
105.0+ 27 116 38 J sixth day 


Ore Om Co Coo mt OHNO mm 1D Oro 


* Day after onset of illness. + Rectal. 





20. Clark, W. M.: The Determination of Hydrogen Ions, Baltimore, 1920 
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Of twelve cases studied with a temperature of 103 F. or over, ten 
showed an uncompensated alkalosis. In the other two cases, one patient 
(Case 14), suffering from hypopituitarism, severely ill with influenza of 
four days’ duration and suffering from an alveolar abscess, showed a py 
of 7.438; the other (Case 15), a student very ill from a peritonitis and 
septicemia, showed on the fourth day, 102.2 F. (axillary), a py of 7.431, 
and on the fifth day, 105.0 F. (rectal), pu of 7.362, the sixth day 
being fatal. In both cases the food intake was practically nil during 
the period of severe illness. 

In three cases with a temperature of from 101 to 102.8 F., the 
condition was that of compensated alkalosis. 

All cases, except one, showed a drop in fixed carbon dioxid with a 
return to normal both of fixed carbon dioxid and py, on recovery 
In one case (Case 2), food was withheld, except in very small 
quantities, for several days on account of abdominal pains and a sus- 
pected peritonitis with the resultant failure of the alkali to return to 
normal even though the py had recovered. 


TABLE 2.—Errect or STARVATION ON Boop REACTION 








50 Hours 77 Hours 
— on re a, 
Volume Volume Volume 

per Cent. per Cent. per Cent. 

Total COe Pu Total COz Pu Total COe Remarks 
55.0 7.404 41.3 7.365 38.0 Complete rest 
58.6 7.466 48.0 7.381 43.1 Complete rest 
54.0 7.401 43.0 7.302 36.0 Daily work 


Subject 


Since most of these subjects underwent a period of starvation dur- 
ing high fever, a study was made on the effect of short periods of 
starvation on normal persons. 

Effect of Starvation on Blood Reaction—Three subjects were 
observed, all in good physical condition. Two were confined to complete 
rest in bed at the infirmary, permitted to do light reading only. The 
third subject, fasting for the same period, walked to and from work, 
a distance of several miles, and carried on a normal laboratory routine 
during the day. 

Although the development of an acidosis on starvation has been 
looked on as a fact for many years, measurements of the actual blood 
changes have been lacking. The figures in Table 2 show that even in 
short periods of starvation there is a definite change in py toward the 
acid side. In all probability this drop in py is due to the constant 
elimination without replenishing of body alkali with endogenous acids, 
such as phosphoric and sulphuric, from protein catabolism. In a 
seventy-seven hour period this drop of alkali still is compensated by a 
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rop in carbon dioxid tension of the body fluids but a condition of 
ncompensated acidosis, especially in a subject not at rest, is approached. 

The relation that this tendency toward an acidosis during short 
periods of starvation even at complete rest bears upon the observations 
luring fever is important inasmuch as the changes are in the opposite 
lirection, thus augmenting the difference. This tendency is perhaps 

factor in “starve a fever” rationale. 

To show whether or not the increase of blood py during an acute 
fever is due to the elevation of the body temperature per se or, perhaps, 
; due directly, or, in part, to the infection, py and total carbon dioxid 
measurements were made on subjects whose body temperature was 
increased by submersion in warm water. 

Subject 1 experienced tingling sensation of fingers, numbness of 
extremities with pin prick anesthesia; saw concentric circles before the 
eyes at fifteen minutes; suffered mental confusion, marked quivering of 
evelids when attempting to open; was unable to raise eyelids, because of 


TABLE 3.—Errecr or SUBMERSION IN 


Warm Water on Boop REAcTION 








Water Oral 
Temper- Temper- T Mm. CO: Respi- 
Subjeet 1 ature,C. ature, F. Oe Tension Pulse ration 
GEA asneseaseed 41 as 3 58. 47.0 8 15 


15 Min 42.5 102.4 2. 24.0 115 24 
; o- 


_) arr 45.4 103.2 7 { 20.1 13: 
41.5 8.4 7.4 i. 41.0 76 
44.5 103.5 52 5. 28.0 132 
45 D4 43.0 120 
422.0 97.8 53. 42.0 0 
44.0 104.3 2.2 28.5 128 
44.3 104.6 7 5 35.0 130 


tetanic contraction of the rectus abdominis muscle, and was unable to 
straighten and unable to use limbs. 

Subject 2 breathed from 8 to 10 per cent. carbon dioxid during the 
period from 15 to 20 minutes. The man felt weak and generally dis- 
tressed, with no marked signs or symptoms. He said carbon dioxid 
made him feel very much better, and he got up and walked out of the 
tub, with quick recovery. 

Subject 3 breathed carbon dioxid during the 5 minute period from 
32 to 37 minutes. He felt dizzy, and very weak; had tingling of the 
fingers; mental confusion; numbness of extremities; flexion of wrist 
and metacarpophalangeal joints. He felt much better after a 15 minute 
period; said carbon dioxid made him feel very much better. 

The acid-base balance of the blood and the various signs and symp- 

ms of the subjects, either in natural or hot water fever, offer a 
picture very similar to that already discussed under forced dyspnea. 
in order to show this relation more clearly, a few experiments taken 
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from a paper soon to be published will be helpful.*”* Medical students 
in good physical condition were studied in respect to normal volum« 
respiration, normal oxygen consumption, normal carbon dioxid output, 
and again with respect to total carbon dioxid washed out from the 
whole body and the drop in total carbon dioxid per c.c. of blood after 
forced hyperpnea. The “Benedict Universal” metabolism apparatus 
was used for the determinations. 

Voluntary Hyperpnea.—These subjects developed the characteristi 


tetanic symptoms as described by Grant and Goldman.** 

That a similar hyperpnea with a corresponding picture of changes 
can be produced by a warm water fever is shown by the following 
experiment, similar to the first, except that in place of voluntary 
hyperpnea the subject was immersed in warm water and an otherwise 


normal resting metabolism rate measurement was made. 


TABLE 4.—Acip-Base BaLance oF NorMAL SuBJEcTS 














Normal, Hyperpnea 
10 Minute 10 Minute 
Subject Period Period Difference 
235,834 154,981 
251,248 191,509 
5,065 1,915 
5,390 2,905 
CO: output, c.c. .. sadeetihewedwe , , é 5,909 3,018 
. » §. mt. 5,507.3 3,349 
Blood total COs volume per cent. ........... HH. a 49.7 0.620 
a 59.6 51.2 0.840 
Pu ‘ ' 7. 7. 7.605 0.145 
a 7.45 7.657 0.206 


Volume respiration, c.c. ..............-. 


Oz consumption, c.c. . 


FEVER DISCUSSION 
Various investigators have from time to time dwelt on the develop- 
ment of an acidosis during fever until this view has become generally 
accepted. A careful examination of the observaticns on which the 
acidotic view has been based in the light of our present knowledge of 
the acid-base balance does not necessarily indicate an acidosis nor even 
an acidotic tendency. 
The fact that the alveolar carbon dioxid tension is reduced during 
thermic fever, as first shown by Hill and Flack ** has been looked on 
as confirming the acidotic view.** It will be remembered, however, 


20 a.—Work carried on in cooperation with Dr. F. J. Hodges, Department of 
Physiology, University of Wisconsin 

21. Hill, L., and Flock, M.: The Influence of Hot Baths on Pulse Fre- 
quency, Blood Pressure Body Temperature, Breathing Volume, and Alveolar 
Tensions of Man, J. Physiol. 38: p. Ivii, 1909. 

22. Barbour, H. G.: Heat Regulating Mechanism of the Body, Physiol. Rev. 
1:305, 1921. 
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at reduced carbon dioxid tension of the alveoli or blood alone may 
be diagnostic of either an acidosis or an alkalosis—the latter of the 
irbon dioxid deficit type as produced by hyperpnea. 

Increased metabolism of the animal body during a rise in temper- 
iture has often been associated with an acidosis. Increased nitrogen 
elimination has been attributed to an increase in the autolytic processes 
due to increased H ion concentration. Mansfeld and Ernst ** ascribe 
the increased protein destruction in fevers to the thyroid gland with 
its well known control over body oxidation. Recently, however, 
Du Bois,** in studying the basal metabolism in fever, has shown that 
the rate of oxidation in the animal body is directly proportional to 
the rise in temperature according to the temperature law of van’t Hoff. 
Thus for every 10 degrees rise in temperature the rate of oxidation 1s 
increased approximately 2.5 times. He has shown that the basal 
metabolism of a fever patient is 13 per cent. higher for each degree 
Centigrade above normal. 


TABLE 5.—ExperiImMeNTAL HyPerPNEA IN A NorMAL Susyect Propucep 
SUBMERSION IN Warm WATER 








Volume Os Con- COs Blood 
Water Oral Respi- sumption output Total 


Temper- Temper- ration 5 Min. 5 Min. COs ration 
ature, ature, per Min. per per Volume per 
Cc. F. C.c. C.e C.c. per Cent. > Pulse Min 
0 Min 2. 98.2 6.165 1.176 906 52.3 7.432 68 10.6 
3Min....... 488 108.1 19,542 2,317 1,608 2 7.52 128 19-21 
BT Mim. ...0.6 . 103.8 . aoe ‘ . . 130 Oo. 


The excretion of acetone bodies during a fever does not necessarily 
mean an acidosis as acetone bodies have been observed in induced 
alkalosis, both in the alkali excess and carbon dioxid deficit types.’ 
In fact, Bazett and Haldane ** noted the excretion of acetone bodies 
during hot baths with all the indications of an alkalosis—diminished fall 
in alveolar carbon dioxid, markedly alkaline urine with high bicarbonate 
and no ammonia elimination. 

Thus, it is readily seen that if the various experiments leading to the 
acidotic conception are examined for definite information as to exact 
measurements for an acidosis, it is, to our knowledge, not obtainable. 

Haggard *° was the first to obtain direct measurements of blood 
hanges during immersion in hot water which enabled him to foretell 


23. Mansfeld, G., and Ernst, G.: Ueber die Ursache der gesteigerten 
Eiweisszersetzung und Warmebildung im infektidsen Fieber, Arch. f. d. ges 
Physiol. 159:399, 1915 

24. Du Bois, E. F.: The Basal Metabolism in Fever, J. A. M. A. 77:352 
July 3) 1921. 

25. Bazett, H. C., and Haldane, J. B. S.: Some Effects of Hot Baths on 
Man, J. Physiol. 55:4, 1921. 
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a decrease in H ion concentration. His conclusions were drawn from 
data obtained by determining the total carbon dioxid in blood and 
alveolar carbon dioxid or carbon dioxid tension of the blood by equili 
brating with known carbon dioxid tensions. After a discussion of the 
various mechanical factors that might be responsible for the py change, 
he concludes that the carbon dioxid ratio is reduced even more by 
physiologic than mechanical factors. 

The data presented in this paper by direct py measurements verify 
Haggard’s conclusion. There is a reduction in the H,CO,-NaHCoO, 
ratio with a resulting increase in py. In clinical fevers of the acute 
type the py may mount to 7.6, a value that may be concomitant with 
definite distress. The acid-base picture obtained in acute clinical fevers 
is practically identical with that of pure thermic fevers or can be 
duplicated in voluntary hyperpnea. Bazett and Haldane ** report an 
increase in ventilation during hot bath from a normal of 6 to 27.3 liters 
per minute. These investigators believe that the respiratory center 
becomes more sensitive to carbon dioxid with a rise of temperature, 
thus resulting in a hyperpnea. Although this may be the main reason, 
other factors may contribute, or, in fact, offer an explanation of the 
foregoing mechanism. With the increase in oxidation in the body from 
a rise in temperature, it is altogether probable that there is a definite 
oxygen want in the tissues, thus resulting in an anoxemic stimulation 
of the respiration. An investigation being carried out in cooperation 
with the department of pharmacology, the results of which are soon 
to be published, suggests that, in spite of a blood alkalosis, the early 
view of the hydrogen ion stimulation of respiration during anoxemia 
is a possible one. This view is based on a study of the rate of trans- 
portation of carbon dioxid from cellular and intracellular fluids to the 
blood and upon a study of the acid-base balance during anoxemia. The 
introduction of this item seems important in a discussion of alkalosis 
inasmuch as we have no evidence as yet that blood reaction is a definite 
criterion of the reaction of certain tissues or a group of cells. 

Alkalosis and Oxygenation of the Blood—An increase of the 
carbon dioxid tension of the blood has usually been looked upon as 
decreasing its oxygen capacity. This relationship for normal whole 
blood was the result of the researches of Barcroft and his associates.*° 
The investigation of Christiansen, Douglas and Haldane *’ established 
the fact that the concentration of the two variables NaHCO, and H,CO 
determines the concentration of combined oxygen. The correlation of 
the interdependence of these variables was shown by L. Henderson * 


26. Barcraft, J.: The Respiratory Function of the Blood, Cambridge, 1914 
27. Christiansen, ]., Douglas, C. G., and Haldane, J. S.: The Absorbtion 
and Dissociation of Carbon Dioxid by Human Blood, J. Physiol. 48:244, 1914 
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nd can best be understood by a study of his nomogram. Thus, 
ormally, an increase in carbonic acid is associated with a correspond- 
ng increase in sodium bicarbonate and H ion concentration so as 

decrease the oxygenation of the blood. Conversely, a decrease in 
carbonic acid would result in increased oxygenation. It is, however, 
possible to conceive of a loss of carbonic acid decreasing the oxygen 
capacity of the blood. We would like to suggest this possibility as a 
factor in decreasing the oxygenation of the blood under pathologic 

nditions. Theoretically this condition could be brought about under 
certain conditions by an alkalosis due either to carbon dioxid deficit 
r alkali excess. A better understanding can perhaps be obtained by 
using concrete figures. The values have been taken from the nomogram 
of L. J. Henderson * and are only approximate. 


TABLE 6.—Decreasep OXYGENATION Due To ALKaALt Excess 


HeCOs, NaHCOs, HbOs, Or, 
Pu Mol. per L. Mol. per L. per Cent. Mm. 


7.427 0.00145 0.0810 9 0 
0.00135 0.0825 10 10 





TABLE 7.—Decreasep OxyGENATION Due to CO, Dericit 


HeC Os, NaHCOs, HbOs:, Oz, 

Pu Mol. per L. Mol. per L. per Cent. Mm. 

Normal.. , ‘ ; 427 0.00145 0.0810 ~ 0 
Abnormal cece — 7.493 0.00125 0.0812 40 a 


Several cases have come under our observation which indicate that 
this condition comes into play clinically. 


FEVER CASES 


Cases 6 and 7 in Table 1 were definitely cyanotic. This cyanosis 
vas most marked when the fy was the highest and disappeared when 
he acid-base balance returned to normal. Both patients were suffering 


from upper respiratory infection with marked constitutional reactions. 
It is, of course, altogether possible that with the complication of the 
high fever and toxemia other factors were instrumental in producing 


he cyanosis. , 


Case 3—Female, aged 53, had a chronic myocarditis and was suffering 

1 cerebral thrombosis. When first seen she had marked dyspnea, Cheyne- 
kes respiration at intervals, was markedly cyanotic and irrational. 

\ venous blood sample was taken from her forearm showing a fy of 7.65 
| total carbon dioxid of 50.1 volume per cent. Inhalations of carbon dioxid 
re given from three to ten minute periods several times per day. The 
heyne-Stokes type of respiration was absent for several hours after carbon 
xid treatment. Although dyspnea was augmented at start of carbon dioxid 
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treatment, it was markedly decreased for periods ranging from several t 
twenty-four hours after the inhalations. Cyanosis was absent on days on which 
carbon dioxid was given and her mental condition was improved. One-half per 
cent. of hydrochloric acid solution with glucose and acacia was also given by 
the rectal drop method in from 300 to 500 c.c. amounts on two occasions. 

After several days of this treatment the blood reaction had returned 1 
normal, Py 7.411, total carbon dioxid 53.7 volumes per cent., with her physica! 
condition markedly improved. On cessation of treatment for forty-eight hours 
or more the former symptoms returned together with a marked cyanosis and 
alkalosis, py 7.649, total carbon dioxid 49.6 volumes per cent. Improvement of 
her physical condition was again brought about with a return of the blood 
reaction to normal using 10 per cent. carbon dioxid and 90 per cent. oxygen 
Failure of gooperation on part of the patient made the treatments very diffi- 
cult and later unwarranted. Her physical condition gradually became worse 
and death resulted from bronchopneumonia. 

Postmortem findings by Dr. Bunting showed general arteriosclerosis, arte- 
riosclerotic scars in kidney, cardiac dilatation, hypertrophy, chronic fibrous 
myocarditis, ventricular thrombi, pulmonary thrombosis and bronchopneumonia 

Case 4.—Male, aged 20, had acute arthritis, aortic and mitral insufficiency, 
myocarditis, chronic valvular disease. Patient was given potassium acetat 
potassium citrate, 15 grains each, and sodium salicylate and sodium bicarbonate 
10 grains each, every three hours. Patient developed a very marked cyanosis 
and became extremely dyspneic and irrational. Respiratory rate mounted to 
from 50 to 60 per minute. Venous blood pu 7.563, total carbon dioxid 58.3 
volumes per cent. Two days later he was still very cyanotic; Py 7.623; total 
carbon dioxid 57.1 volumes per cent. He perspired very markedly. Collected 
perspiration and reaction determined, pu 4.281. The alkali administration was 
stopped and from 500 to 1,000 cc. of 0.5 per cent. hydrochloric acid was given 
per day for three days. Cyanosis disappeared on second day, and on third day 
patient had a color indicating even higher oxygenation than normal, py 7.451, 
total carbon dioxid 42.8 volume per cent. With disappearance of cyanosis 
patient again became rational. Dyspnea slowly disappeared and patient grad 
ually recovered 


In the few cases that have come under our observation it seems 
as if there is a direct correlation between the production of cyanosis 
and certain types of alkalosis. In view of the theoretical possibility 
discussed above, it is altogether probable that variations in the amounts 
of carbonic acid and sodium bicarbonate, both in ratio and absolute 
amounts, are responsible for a very definite physiologic distress due to 
the limiting of blood oxygenation. 

It is suggested that a possible explanation of the above mechanism 
may be found in a disturbance of the normal shift of the chlorin ion 
between plasma and corpuscle. A study of the diagram of the circu 
lation will permit a better discussion of this view. The rapid elimina 
tion of carbon dioxid from the blood thus causes a carbon dioxid 
deficit which, in turn, results in the passage of the sodium ion int 
the tissue fluids or partially in its excretion in the urine. The decrease: 
sodium ion concentration thus prevents the transportation of the 
chlorin ion from the hemoglobin and so prevents the formation of 
oxyhemoglobin. The stimulation of the respiration from the anoxemi 
would result in the elimination of more carbon dioxid, thus really form 
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a vicious cycle. The view that reduced hemoglobin (HbC!,) is 
re basic than oxyhemoglobin (L. Henderson *) might also enter as 
factor, inasmuch as an excess of alkali in the plasma with low 


rbonic acid concentration may increase the basicity of the corpuscles, 


is stabilizing the hemoglobin chloride combination.‘ 


CONCLUSIONS 


Che acid-base equilibrium is shifted toward the alkaline side during 
in acute clinical fever. If the fever is sufficiently high the alkalosis 
result in distressing symptoms. 
Fever alkalosis is very similar to that of voluntary hyperpnea or 
bath hyperpnea and is very probably due to the increased lung 
ventilation. 
The acidotic tendency of starvation offsets, in part, the fever 
sis. The actual change in py and sodium bicarbonate due to the 
ever is, therefore, greater than reported results 


1 


\ shift in the acid-base balance toward the alkaline side may 
pparently be of such a nature as to decrease the oxygenation of the 
|. The concomitant occurrence of a cyanosis with a prolonged 
losis and its disappearance upon counteracting the alkalosis has 
observed clinically. Other factors operating concomitantly may, 

' 


ever, have been responsible for the changes. 


the writing of this paper a very interesting observa 

yy Morris (Anoxemia and the Increased Electrical Excitabil f 
Neuromyone, Brit. J. Exper. Path. 3:101, 1922) regarding the effect of 
losis experimentally produced in cats and dogs on the oxygenation of the 
|. His experiments show that an increase in the pu value of the blood 
in certain limits produced by the injection of sodium carbonate ( No:CO;, 
reases the oxygenation of the arterial blood and still more greatly decreases 
umount of oxygen given up to the tissues. Evidence is also offered that 

etany of alkalosis is an effect of the resulting anoxemia. These 

are completely confirmatory of our clinical and experimental 
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ETHEL M. BENEDICT ann WALTER W. PALMER 


NEW YORK 


INTRODUCTION 


This work was originally undertaken in order to discover possible 
physical and chemical changes occurring in blood serum during those 
disturbances of water balance which result in the appearance or dis 
appearance of edema. During the course of these studies, 172 sets oi 
determinations have been made, and this paper presents the data from 
twenty-eight observations on eighteen normal subjects. The pathologic 
material will be discussed later. As we have failed to demonstrate 
any consistent changes accompanying such disturbances of water balance, 
this publication must be, in the main, a statistical report. We have 
been unable to find in the literature any previous studies of a similar 
nature that would demand a detailed discussion here. They are, in 
general, considerably less complete than this work or they present 
definite errors in method. The older work is well summarized in 
H. D. Hamburger’s “Osmotischer Druck und Ionenlehre.” Certain 
physical properties of the blood have been determined in this country 
by Gettler, Butterfield and others, but their studies have usually 
omitted a simultaneous determination of the chemical constituents. 


METHODS 


The following determinations were made on each serum; freezing 
point depression, specific conductivity at 25 C., refractive index, chlorin, 
HCQO’,, glucose, nonprotein nitrogen, total nitrogen, in certain cases 
urea and phosphorus, and more recently, sodium and potassium. Al! 
glassware was calibrated in the laboratory and the standard solutions 
were checked at frequent intervals. Duplicate determinations were 
made in practically every instance. When possible, all results aré 
expressed in millimols per liter. 

1. Preparation of Serum.—Blood was drawn from an arm vein by 
means of a well oiled (liquid petrolatum) syringe and was delivered 
under from 2 to 3 cm. of liquid petrolatum in 50 c.c. centrifuge tubes, 


*From the Chemical Division, Medical Clinic. the Johns Hopkins Uni 
versity and Hospital, and from the Department of Medicine of the College of 
Physicians and Surgeons of Columbia University and the Presbyterian Hospital! 
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ereby avoiding any exposure to air. In the collection of this blood a 
urniquet was applied to the arm immediately before the vena puncture 
ut the period of stasis never exceeded two minutes. The blood was 
wed to clot and, atter separation of the clot with a glass rod, it was 
entrifuged. The serum was then removed at once and was almost 
nvariably obtained without hemolysis. The time elapsing between 
ollection of the blood and separation of the serum was about one hour 
During the time involved in making the determinations, the hydrogen 
m concentration of the serum did not change to exceed a range of 

m pu 77 to 7A. 

2. Freezing Point Depression.—The standard Beckmann apparatus 
was used with a Heidenhain thermometer especially designed for 
cryoscopy. The usual precautions against overcooling were carefully 
bserved, and mechanical stirring was employed. The method was 
checked at frequent intervals by means of tenth molar potassium 
chlorid and 1 per cent. sodium chlorid solutions. The freezing point 
f conductivity water determined the actual zero for each observation 
and controls were not accepted when differing by more than 0.005 C. 
In the process of obtaining such controls there were often several 
readings at great variance with the final result, and therefore, the some- 
what uniform final results obtained in a series of bloods, tend to conceal 
hese rather disturbing individual discrepancies. This fact leads us to 
doubt the value of cryoscopy as applied to blood serum. 

3. Electrical Conductivity—The conductivity was determined by 
means of a Kohlrausch bridge designed by Leeds and Northrup. A 
constant speed motor generator producing a high frequency alternating 
current supplied the electromotive force. Calibrated Leeds and Northrup 
Curtis coils furnished the variable resistances. A series of oil con- 
ensers were used to balance the capacity of the cell. The conductivity 
cell was of the Ostwald type requiring about 4 c.c. of serum. The 
ell constant, which approximated 1.5, was determined by means of a 
standard tenth molar potassium chlorid solution before each observation 
\ll determinations were made in a constant temperature water bath at 
25 C. and three different resistances were used in each determination. 
(he results are expressed as specific conductivity « 10~. 

The effect of varying concentrations of protein upon the conductivity 
has been pointed out by Bugarszky and Tangl* and ourselves,? but it 


is impossible at present to give mathematical expression to this 


‘orrection. 
1. Bugarszky, St., and Tangl. F.: Arch. f. d. ges. Physiol. 72:531, 1898 
2. Palmer, W. W.; Atchley, D. W., and Loeb, R. F.: J. Gen. Physiol. 3: 
801, 1921; 4:585, 1922 

















‘s[Oullur Uy snsoydsoud , 


Wot09m! Apqeqoid YN SLL (SmII0N 
piqing tindeg = §2'sl 

SL 

piqing uinteg§ 6 OL 

piqan) Unies COLL 


[WULION 
[BULLION 
[WULION 
[VULION 02/¥2/1t 
jovssooul Aiqeqoud ey [RULION 22/82/9 
jeuL0N oe 18/1 
[BULION : Z/¢ /t 
juunoN 1Z/ee 


[RULION 
[RULION 
[WULION 
[RULION 
[WuLION 


“cee 
Sirti 


piqing AQays Gndey 
prqany Apusys Unieyg 
PIqiny Ullileasg 


zs . [WULION 
esi [WULION 
y'oal [WULION 
86 [WULION 
“sil ’ [WULION 
9 121 [BULLION 
oat [RULION 
Osi 7 [WULION 
oat [BUulION 
Sst ’ [WULION 
Vat [WULION : 
£081 : [BULION Oz/O1 ZI 
piquny wines ‘9@ d ! 7 Lest 5 [WULION , 02/88) U1 
soul 9 oO od evel a [WuLION 06/€%/ 11 
syiRuioy xopuy Jo .0u juep M UN e4t » uol[s sysouteu ‘ aed 
Al) -OPDBASOM poly ‘ Awan soda 
eye ‘ : sioul soul spoul onpuo 10d 
}U9.) ad “Gle}Old (N I UN Hui [ HUN weds Aulzeouig 


owere 


p qin} umes 


Ore nere 


siskjouey was 


pqiny umias 


- 
' 
Pt 
* 


piqan} wines 


t= f= pts be 


IV WHON 








ATCHLEY ET AL—HUMAN BLOOD SERUM 009 


\Vhen serum, used in our experiments, was resaturated with carbon 
xid at alveolar tension, there was no significant change in electrical 
nductivity (less than 0.3 per cent.). This would indicate that we 
ere justified in ignoring the slight change in py due to loss of carbon 
xid. 
(he fact that the specific conductivity of a solution of sodium 
rid is greater than that of an equimolecular solution of sodium 
irbonate explains the greater influence of the chlorin ion on the 
luctivity of serum. This fact may frequently be observed in our 
8 
+. Refractive Index—An Abbé type of refractometer manufactured 
Valentine and calibrated by the U. S. Bureau of Standards was 
The refractivity of conductivity water was determined each 
e, and from the differences between this figure and the index of the 
rum, the protein per cent. of the serum was calculated according to 
bertson.” The refractive index is expressed as n D & 10°*. Temper- 
re corrections are less than the limits of accuracy of the method 
| hence were omitted. 
5. Protein Per Cent—(a) Calculated from refractive index as 
cribed above. 
b) The protein per cent. was also determined in all cases as 
llows: Total nitrogen was determined in duplicate on 1 ¢.c. of serum 
y the Kjeldahl method and from this value was deducted the nonprotein 


nitrogen. This result, representing the protein nitrogen, was multiplied 


6.25 to determine the per cent. of protein. 

6. Nonprotein Nitrogen.—This was determined by the method of 

lin and Wu.* 

7. Urea.—This was determined by Marshall’s method.’ 

8. Glucose —This was determined by the method of Folin and 

ott 

9. Carbonate Capacity—This was determined by the method of 
in Slyke? in calibrated pipettes. 

10. Sodium.—This was determined by the method of Kramer and 
lisdall.* In our hands this method has not been entirely satisfactory 
1 dealing with serum, although determinations on inorganic solutions 





re invariably correct. 
Robertson, T. B.: J. Biol. Chem. 11:179, 1912 
Folin, O., and Wu, H.: J. Biol. Chem. 38:81, 1919 
Marshall, E. K., Jr.: J. Biol. Chem. 15:487, 1913. 
Folin, O., and Wu, H.: J. Biol. Chem. 41:367, 1920. 
Van Slyke, D. D., and Cullen, G. E.: J. Biol. Chem. 30:289, 1917. 
Kramer, B., and Tisdall, F. F.: J. Biol. Chem. 46:467, 1921. 
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11. Potassium.—This was determined by the method of Kramer: 
and Tisdall.* 

12. Phosphorus.—This was determined by the method of Marriott 
and Haessler.*” This method was given up because the molecular 
concentration of phosphorus is too low to be of significance in this work 


13. Chlorids—The chlorid method was devised by us and com 
prises parts of the Van Slyke and Donleavy "* and the Wetmore ' 
methods. It is similar in principle to that described by Myers and 
Short."® The technic of our method is as follows: to 2 c.c. of serum 
are added 23 c.c. of distilled water and 15 c.c. of a saturated aqueous 
solution of picric acid. The solution is filtered and to a 20 c.c. aliquot 
are added 5 ¢.c. of the standard silver solution described by Wetmore."* 
The solution is agitated and allowed to stand for twenty minutes. It 
is then titrated without filtration using the Wetmore thiocyanate solu- 
tion. The end-point is a definite change from light yellow to orange 
This method agrees accurately with the Van Slyke and Donleavy 
method and the distillation method of Bell and Doisy.’* All determi- 
nations were made in duplicate and titration variations of more than 
0.06 c.c. were discarded. 


DISCUSSION 


Little generalization and no detailed statistical analysis is justified 
by the limited amount of data presented. It is interesting, however, t 
note that there are but relatively slight variations between determina- 
tions on the same and on different individuals, although the blood 
samples were collected without regard for time of day or diet. 

9. Kramer, B., and Tisdall, F. F.: J. Biol. Chem. 46:339, 1921. 

10. Marriott, W. McK., and Haessler, F. H.: J. Biol. Chem. 32:241, 1917 

11. Van Slyke, D. D., and Donleavy, J. J.: J. Biol. Chem. 37:551, 1919. 

12. Wetmore, A. S.: J. Biol. Chem. 45:113, 1920. 

13. Myers, V. C., and Short, J. J.: J. Biol. Chem. 44:47, 1920. 

14. Doisy, E. A., and Bell, R. D.: J. Biol. Chem. 45:427, 1920-1921 
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NEW YORK 


INTRODUCTION 
This paper presents fifty-two sets of observations on a series of 
twenty-nine cases of nephritis. The study includes five cases of acute 
nephritis, nine cases of uremia and fifteen cases of chronic nephritis, 
ith and without edema. The scope of the investigation and the 
ethods employed have been fully described in a previous communi- 
ation.’ We have found no new relationships between the laboratory 
ndings and the clinical diagnosis, and therefore we shall omit detailed 
inical descriptions. 


DISCUSSION 


1. Acute Nephritis—These cases were typical but rather mild 
examples of acute nephritis with more or less hematuria. The serum 
inalyses show no significant deviations from the normal figures except 

r an occasional increase in the nonprotein nitrogen. The serum 
hlorides were usually on the upper limit of normal. Attention may be 
called to the fact that the per cent. of protein in the serum is seldom 
below the normal in spite of the presence of some edema. 
Chronic Nephritis—A satisfactory classification of the conditions 
llectively known as chronic nephritis is impossible at the present time 
seems to us, however, that Widal’s division of these cases empha- 


zing on the one hand nitrogen retention and on the other salt and 





vater retention, affords today the most reasonable basis for clinical 
dy. Among the seven cases of salt and water retention nephritis in 
ir series, there are five which show a definite and unusual relationship 
herto undescribed. In all of our other cases, normal and pathological, 
ere has been a rough but consistent relationship between the con 
uctivity of the serum and its content of chlorin. For example, with a 
luctivity of 120, the chlorin content is usually about 103 millimols ; 


*From the Chemical Division. Medical Clinic. the Johns Hopkins Uni 
ity and Hospital, and from the department of Medicine of the College of 
sicians and Surgeons of Columbia University and the Preshyterian Hospital 
1. Atchley, D. W.; Loeb, R. F.; Benedict. F. M., and Palmer, W. W.: 
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with a conductivity of 124, the chlorin concentration is about 109 
In the five cases mentioned above the conductivity is dis- 
netly higher than might be expected from the amount of chlorin 
resent, whether the amount of chlorin be normal or increased, nor is 
this discrepancy explained by increased HCO’, content. For example, 
wient Gri. (Table 2) has a conductivity of 129.6 when the chlorin 
value was 105.6 millimols—a chlorin concentration within the limits 
normal. In view of the work of Bugarszky and Tangl? and our- 
selves on the effect of protein concentration on electrical conductivity,’ 
t was thought possible that the peculiar relationship between con- 
luctivity and chlorin concentration in these cases of nephritis might 
be the result of a smaller amount of protein in their sera. The case of 
k. (Table 2) suggests, however, that this explanation may not be 
ficient in itself. In this case there intervened between the first and 
econd observations four days during which time the conductivity- 
hlorid discrepancy had disappeared without change in the chlorin or 
rotein concentrations. It is interesting to observe that during this 
same interval the patient's edema disappeared. 
In this work we have been unable to detect any consistent physical 
chemical change occurring during the process of diuresis, and we 
vere unable to find any undescribed changes in the cases of chronic 
nephritis with nitrogen retention. 
3. Uremia—The low concentration of chlorin so frequently described 
uremia was found in most of our cases. There was, however, no 
nsistent diminution in the Na* content coincident with this decrease in 
hlorin. The general dependance of the conductivity upon the chlorin 


ncentration is well demonstrated in Table 3. 


CONCLUSIONS 
Chis paper presents the results of certain physical and chemical 
leterminations on the sera of twenty-nine cases of nephritis. 
2. A hitherto undescribed relationship between electrical conduc- 
tivity and chlorin concentration (“conductivity-chlorid discrepancy” ) 
is been pointed out in certain cases of salt and water retention 
nephritis. In these cases the conductivity is definitely greater than 
uld be expected from the chlorin concentration. 


2. Bugarsky, St., and Tangl, F.: Arch. f. d. ges. Physiol. 72:531, 1898 
3. Palmer. W. W.; Atchley, D. W., and Loeb, R. F.: J. Gen. Physiol. 3: 


N. 1921; 4:585, 1922. 











i te ad 
- 


ee os 


: PHYSICAL AND CHEMICAL STUDIES OF 
: HUMAN BLOOD SERUM 


III. A STUDY OF MISCELLANEOUS DISEASE CONDITIONS * 


t DANA W. ATCHLEY, ROBERT F. LOEB, 
ETHEL M. BENEDICT ann WALTER W. PALMER 
NEW YORK 


INTRODUCTION 


In previous communications we have presented the results of certai: 
physical and chemical observations on a series of normal individuals 
and patients with renal disease? In one of these papers,’ we have 

As described our methods in detail and have discussed the general purpose 
of the investigations. In this paper we have collected seventy-six sets 
of determinations on thirty-seven miscellaneous disease conditions. The 
group includes eleven cases of cardiac insufficiency with edema, six 
cases of diabetes mellitus, five cases of acute respiratory infection, tw 
“I cases of toxaemia of pregnancy, three cases of cirrhosis hepatis with 
ascites, two cases of tuberculous pleurisy with effusion, two cases of 
diabetes insipidus, one case of cerebral hemorrhage, one case of pyloric 
stenosis, two cases of malignancy of the peritoneum, and one case of 
4 ascites of unknown etiology. As we have stated elsewhere,’ case 
histories are omitted because no attempt is made to point out new 


4 ora 


e 


f = relationships between clinical entities and the laboratory findings. 
fe 
‘3 
DISCUSSION 
# 1. Cardiac Decompensation with Edema.—These cases are grouped 


together because they show more or less edema, primarily of cardiac 
origin. The underlying conditions responsible for the cardiac insufti- 
ciency include valvular disease, hypertension and chronic nephritis 
From Table 1 it is quite apparent that we have observed no consistent 
physical or chemical changes in the serum accompanying the process 
of diuresis. For example, in case Sm., there is a considerable decrease 
in the freezing point depression, conductivity, and chlorin concentration 
with an increase in protein per cent., whereas, in Case Lo., there is 2 


*From the Chemical Division, Medical Clinic, the Johns Hopkins Uni 
versity and Hospital, and from the Department of Medicine of the College 0! 
Physicians and Surgeons of Columbia University and the Presbyterian Hospita! 

1. Atchley, D. W.; Loeb, R. F.; Benedict, E. M., and Palmer, W. W 
Paper I of this series. 

2. Atchley, D. W.; Loeb, R. F.; Benedict, E. M., and Palmer, W. W 
Paper II of this series. 
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arked increase in freezing point depression, conductivity, and chlorin 
neentration, with no change in the protein per cent. Although we 
ave observed no consistent changes associated with diuresis, it is 
nteresting to note that whenever there is a change in the amount of 
edema present, there is some coincident change in the physical or 
emical properties. It has been impossible for us to predict the degree 
direction of these changes. Quantitatively, however, they are very 
efinite and usually exceed the maximal variations in a normal 
lividual. 
In the case of Pu., the changes during diuresis are quite unusual 
his patient entered the hospital on two occasions separated by an 
nterval of four months. On both admissions the patient had marked 
lema which disappeared rapidly following rest in bed and the admin- 
stration of digitalis. The clinical improvement in both instances ,was 
iccompanied by qualitatively similar changes in the blood serum. With 
constant conductivity and protein per cent. there was a considerable 
lecrease in chlorin concentration with a simultaneous increase in the 
iC)’, concentration. These variations in chlorin and HCO’, concentra- 
tions do not appear to be equimolecular. Each time at the completion 
| diuresis, the serum returned to normal. 

2. Diabetes Mellitus—The sera in these cases (Table 2) show no 
hbnormalities that have not been frequently described. 

3. Acute Respiratory Infections—lIn case A (Table 3), the blood 
vas taken at the onset of an acute streptococcus sore throat and showed 
no deviation from normal other than a slight increase in conductivity 
ind chlorin concentration. The other determinations were made on 
patients with lobar pneumonia and show the usual changes described in 
this condition. 

4. Toxaemia of Pregnancy.—Except for case Co (Table 4), no 
new facts are brought to light by the investigation of this group of 
ases. The case Co shows the same decrease in chlorin concentration 
nd increase in a HCO’, concentration with practically no change in 
onductivity and little change in protein per cent. that was described 
hove in case Pu of the cardiac series (Table 1). The changes in 
his instance, also, accompanied the loss of edema and, again, the 
hanges were not equimolecular. 

5. Cirrhosis Hepatis—These three cases were classical examples 


f portal cirrhosis and it is interesting to note the wide spread variations 


n all of the determinations. 
6. Miscellaneous Group—No conclusions can be drawn from the 
nalysis of isolated cases and Table 6 is presented for statistical pur- 


ses only. 





BOOK REVIEW 


CLINICAL MEDICINE. IL. Tuesday Clinics at the Johns Hopkins Hospital 
By Lewetrtys F. Barker, M.D., LL.D., Visiting Physician to Johns Hop- 
kins Hospital. Cloth. Price, $7 net. Pp. 617, with 66 illustrations. Phila- 
delphia: W. B. Saunders Company, 1922 
The author states that this volume has been prepared to meet the request 

of many former students that a report of the work at his clinics be published 

He, furthermore, presents this work as a plea in defense of the amphitheater 

clinic. or rather a modified type of such a clinic, in which the student 

participates 

\ portion of the first chapter is devoted to the method of making a diag 
nosis. The author states that in an ordinary obscure case, in addition to 
the history, physical and ordinary laboratory examination, there should be 
included roentgenograms of dead teeth and paranasal sinuses, roentgenoscopi 
examination of the thorax and gastro-intestinal tract. Furthermore, the 
patient should be examined by the various specialists, and only after data 
from these various sources have been secured should the physician attempt to 
make a diagnosis. The question might arise as to how a student thus taught 
would make a diagnosis in case he engages in country practice or become a 
consultant 
He illustrates his method in the first clinic in a case in which the diagnosis 
of carcinoma of the bronchus is finally made. The author states that the 
history and physical examination pointed to the thorax as the seat of the 
trouble. The patient was given, however, a test breakfast, had roentgenograms 
made of teeth, sinuses, thorax, spine and the gastro-intestinal tract, and was 
examined by a laryngologist, a neurologist, a urologist and an orthopedist. It 
would appear that the diagnosis might have been arrived at much more directly 
and with less inconvenience and expense to the patient if a well trained internist 
had taken a careful history and made a physical and roentgen-ray examination 
of the chest. Cumbersome methods of making a diagnosis, with consequent 
added cost to the patient, should not be encouraged 

[The author's free use of unfamiliar terms, such as “virusemia,” “tabagism,” 

“cerebritis” and “abdominous” might confuse both student and practitioner 

One sentence might be quoted to illustrate this point further: “The patient 

has, therefore. not only an oliguric, albuminuric, cylindruric and hematur 
ld but also a hypochloruric, hypozoturic and hyposthenuric renal 

‘hirty-one diseases are discussed in the clinic, including eight clinics on 

urology. Dr. Barker's method of analysis of symptoms from the standpoint 

pathologic physiology is highly commendable, as is also the method of 
hing in which the students actively participate 


When, however, such clinics are put into boo much of the zest 
As the author states: “No texthook and no manual can acco 
, 


ll as can a clinic conducted by a livin t personz 
student who can create a mental picture of the entire 
ubt this hook will be read with both interest < fit. To others, 
*r, seeking for specific information on some subject. the search for 
dge may prove quite wearisome. Perhaps its greatest value is 
f medicine, who, provided he has not already adopted this 


'_ °* 





